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ABSTRACT 
Natural and re-established riparian buffers reduce nonpoint-source pollutants derived 
from upland agricultural lands and enhance terrestrial and aquatic habitat. This study was 
conducted in multi-species riparian buffers, cool-season grass buffers and adjacent crop 
fields to determine biomass, carbon, nitrogen and soil respiration dynamics. The 
multispecies buffers were composed of poplar {Populus X euroamericana' Eiigenei) and 
switchgrass (Panicum virgatum L.). Crop fields were under annual corn-soybean rotation. 
Aboveground biomass was determined by clipping grasses in 25 x 25 cm quadrats. The 
dynamics of fine (0-2 mm) and small roots (2-5 mm) were assessed by sequentially 
collecting 5.4 cm diameter, 35 cm deep cores for the first year and 125 cm deep cores for the 
second year from April through November. Coarse roots were described by excavating 1 x 1 
X 2 m pits and collecting all roots in 20 cm depth increments. Root distributions within the 
soil profile were determined by counting roots that intersected the walls of the excavated pits. 
Soil respiration was measured monthly from July 1996 to July 1998 using the soda-lime 
technique. Over the sampling period, live fine-root biomass and root C and N in the riparian 
buffers were significantly higher than in the crop fields. Poplar had the greatest aboveground 
live biomass and N and C, while switchgrass had highest aboveground dead biomass, C and 
N. Roots of trees, cool-season grasses, and switchgrass extended to more than 1.5 m in 
depth, with switchgrass roots being more widely distributed in deeper horizons. Root density 
was significantly greater under switchgrass and cool-season grasses than under com or 
soybean. Soil respiration was significantly greater in both buffer systems than in the cropped 
fields. Annual soil respiration rates correlated strongly with soil organic carbon (R =0.75, 
P<0.001) and fine root (<2 mm) biomass (R=0.85, P<0.{X)I). Abundant fine roots, deep 
rooting depths, and high soil respiration rates in the multispecies riparian buffer zones 
suggest that these buffer systems added more organic matter to the soil profile, and therefore 
provided better conditions for nutrient sequestration within the riparian buffers. 
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GENERAL INTRODUCTION 
Riparian zones form an important transition zone between land and fresh water 
systems (Hill. 1996). They play a crucial role in controlling surface erosion, stabilizing 
stream banks, absorbing non-point source (NPS) pollutants coming from adjacent crop fields 
and enhancing wildlife (Schultz et al., 1995). Increasing non-point source pollution in 
surface waters during the last two decades has put more attention on riparian zones. 
Riparian zones have unique soil and plant community characteristics. Riparian soils 
are alluvial in nature with generally high water tables. Riparian plants can tolerate frequently 
wet soils and often has high transpiration rates. Fail et al. (1986) suggested that riparian 
buffers act like "nutrient filters" in agricultural environments. Their effectiveness in 
absorbing excess nitrogen coming from adjacent crop fields has been well documented 
(Lowrance et al.. 1997; Osborne and Kovacic, 1993; Hill 1996, Peterjohn and Correll 1983, 
Schultz et al.. 1995). However, the role of above- and belowground plant biomass. the 
distribution C and N in different vegetation types of riparian buffers and the seasonal 
differences in biomass dynamics between riparian vegetation and adjacent crop fields still 
remain questions not well answered by the scientific community. 
Both aboveground and belowground biomass provide detrital carbon to soil 
organisms and influence the effectiveness of riparian buffer systems in immobilizing and 
processing soil water pollutants and in improving soil quality (Groffman et al., 1992). 
Processes that are responsible for nitrogen removal in buffers, such as plant immobilization, 
microbial immobilization and denitrification, are linked to biomass dynamics with biomass 
being the main source of soil organic matter. Seasonal patterns of production and decay of 
fine roots influence plant uptake of N and denitrification (Hill. 1996). In a review paper. Hill 
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(1996) stated that little information is available on the distribution and seasonal dynamics of 
fine roots that can account for up to 50% of belowground biomass in riparian zones. 
The position of riparian zones in watersheds makes them potentially effective in 
modifying the chemistry of groundwater as it approaches streams from the uplands. 
Nutrients that have escaped the rooting zone of crops can be incorporated in riparian buffers. 
Additionally, the extensive contact between riparian zone soils and ground water and stream 
water accommodates leaching of chemicals into the water providing a high potential for 
buffers to regulate nutrient fluxes (Swanson et al., 1982). 
The physical environment of riparian zones is well suited for vigorous extended plant 
growth and nutrient uptake. The position of the riparian zone along streams ensures adequate 
soil moisture for plant growth and nutrient uptake during most of the growing season 
(Swanson et al., 1982). Adequate soil moisture and improved above- and belowground 
organic matter inputs in buffers create conditions well suited for soil quality increases in 
buffers compared to adjacent crops. 
Soil respiration is an excellent indicator of total soil biological activity and therefore 
of overall soil quality (Karlen et al., 1997; Parkin et al., 1996). Prolonged metabolic activity 
increases soil respiration in riparian zones. Soil respiration provides the link between soil 
organic carbon and the atmospheric carbon. Factors such as the availability of soil organic 
matter and density of plant roots, that provide the substrates for soil biological activity, may 
control the overall magnitude of soil respiration (Bowden et al., 1993; Franzluebbers et al. 
1995; Kelting et al., 1998). Environmental factors such as soil moisture and temperature 
influence soil biological activity and CO2 diffusion and therefore have pronounced influences 
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on the seasonal dynamics of soil respiration (Davidson et al., 1998; FCowalenko et al., 1978; 
Singh and Gupta, 1977). 
Dissertation Organization 
This dissertation reports the candidate's original work on the above- and 
belowground biomass and soil respiration rates within riparian buffers and adjacent crop 
fields. The dissertation follows an alternate formal and includes three separate manuscripts. 
Each manuscript was written by the author in a format suitable for publication in refereed 
journals. The first manuscript entitled "Fine root dynamics, coarse root biomass. root 
distribution, and soil respiration in a multispecies riparian buffer in Central Iowa, USA" has 
been published in Agroforestry Systems. The second manuscript entitled "Soil respiration 
within riparian buffers and adjacent crop fields" has been accepted for publication in the 
Plant and Soil Journal. The third manuscript was written for submission to the Plant and Soil 
Journal. Each manuscript contains an abstract, introduction, materials and methods, results, 
discussion, conclusions and references. The three manuscripts are preceded by a general 
introduction and literature review and are followed by a general conclusion section. 
Objectives 
This study was conducted to compare above- and belowground biomass and soil 
respiration rates within riparian buffers and adjacent crop fields. The specific objectives of 
the study were: 
1. To quantify the rates of soil respiration in the multispecies buffer (poplar-
switchgrass), the cool-season grass buffer and adjacent crop fields (corn-soybean). 
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and to identify the underlying environmental variables most likely causing 
differences in soil respiration among sites and among seasons within sites. 
2. To quantify the amount of belowground biomass and quantify the components of 
root distribution and coarse root biomass, and monthly changes in fine-small root 
biomass in a multispecies buffer, a cool-season grass buffer and adjacent crop fields 
(corn-soybean). 
3. To quantify the aboveground biomass and its seasonal changes in a multispecies 
buffer, a cool-season grass buffer and adjacent crop fields (corn-soybean). 
Description of the Study Site 
The research project site is located on a private farm along Bear Creek, in Story 
County. Iowa USA (42° 11 N. 93° 30 W). The Bear Creek watershed lies in a 
predominantly agricultural landscape in north central Iowa. Prior to European settlement, the 
area was mostly covered with prairie vegetation except for riparian forests along the lower 
third of the creek (Menzel and Schultz, 1992). Over 85% of the area has been converted to 
cultivation, mainly com and soybean production. The major soil association in the watershed 
is the Clarion-Webster-Nicoiett association with minor areas of Clarion-Storden-Coland and 
Canisteo-Okoboji-Nicolett (Dewitt, 1984). These soils were formed in glacial till or from 
local alluvium from till. 
The study site is located on Coland soil (fine-loamy, mixed, mesic Cumulic 
Haplaquoll) which is well drained to poorly drained and formed in till or local alluvium and 
colluvium derived from till (DeWitt, 1984). The Coland soil grades into Clarion soil (fine-
loamy, mixed, mesic Typic Hapludolls) in the uplands, distant from the stream (DeWitt, 
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1984). Organic carbon contents (%) of the soil (0-35 cm depth) under poplar, cool-season 
grass I. cool-season grass II, switchgrass, com and soybean sites were 4.17, 3.4. 2.95, 2.83. 
2.11 and 1.48, respectively (Marquez et al., 1999). Our sampling was conducted in Coland 
and Coiand-Clarion transitional soils. 
The multi-species riparian buffer system has been developed for application in 
Midwestern and the Great Plains agroecosystems by the Agroecology Issue Team (AIT) of 
the Leopold Center for Sustainable Agriculture located at Iowa State University, in Ames, 
Iowa (Schuitz et al., 1995). The basic design of the multi-species buffer in the study site 
consists of five rows, at 1.2 x 1.8 m spacing, of hybrid poplar (Populus X eiiroamericana' 
Eugenei) planted closest to and parallel to the creek. Upslope from the trees are a row of 
redosier dogwood (Comus sericea L.) and a row of ninebark (P/iysocarpus opulifolius L.). A 
7.3 m wide strip of switchgrass {Paniciun virgatum), a native warm-season grass, is planted 
upslope from the shrubs at the interface with the cropped fields (Schuitz et al.. 1994). 
Cool-season grass sites were part of a grazed riparian pasture prior to 1989. 
Dominant grass species in the cool-season grass sites were brome grass (Brornus inennis 
Leysser.). timothy {Phleumpratense L.) and fescue {Festuca sp.). These same species were 
found in the poplar understory. 
The crop fields were under an annual corn-soybean rotation. Com was planted in the 
last week of April and harvested at the end of October. Soybean was planted at the 
beginning of May and harvested in the mid-September. 
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LITERATURE REVIEW 
General Background 
The riparian Zone 
Riparius is a Latin word meaning "of or belonging to the bank of a river". The 
anglicized term riparian refers to biotic communities on the shores of streams and lakes 
(Naiman and Decamps, 1997). Riparian zones are an unusually diverse mosaic of landforms. 
communities, and environments within the larger landscape, and they serve as a framework 
for understanding the organization, diversity, and dynamics of communities associated with 
fluvial ecosystems (Naiman and Decamps, 1997). Naiman and Decamps (1997) stated that, 
as corridors within watersheds, riparian zones have a unique longitudinal pattern that exerts 
substantial controls on the movements of water, nutrients, sediment, and species. 
Intensive agricultural practices are the main reasons for water and soil quality 
degradation in the Midwest, USA. Nitrate concentrations in many streams exceed the EPA 
limit. Increased concern about NO3 contamination of shallow groundwater and surface water 
has stimulated considerable research in the last two decades on the ability of stream riparian 
zones to remove nitrate from drainage water (Hill, 1996). 
Riparian buffers have been promoted as a means of reducing non-point source 
pollution from agriculture and other human activities (Osborne and Kovacic. 1993). 
Groundwater nitrate moving through riparian zones is subject to denitrification, plant uptake 
(plant immobilization) and microbial immobilization (Simmons et al., 1992). During the 
growing season plant uptake, denitrification, and microbial immobilization contribute to 
nitrate attenuation, while dormant season attenuation may be limited to only microbial 
10 
processes (Groffman el al., 1992). For nitrate removal to occur through plant uptake, ground 
water levels must be elevated to within the root zone during the growing season. Plant 
uptake may be minimal during the late winter and early spring when groundwater flow is 
often at its annual maximum (Bormann and Likens, 1979). 
Denitrification is an important N removal mechanism in riparian buffers, but it is 
apparently concentrated in the upper soil layers, which are only occasionally part of the 
shallow aquifer. The stratification of denitrification coincides with the stratification of N and 
C from litter from roots, indicating that this fuels the denitrification process (Lowrance. 
1992). 
Plant cover influences the efficiency of riparian zones in filtering nutrients and 
pesticides (Naiman and Decamps, 1997). Haycock and Pinay (1993) found that a riparian 
zone vegetated with poplar is more effective for winter nitrate retention than one vegetated 
with grass. Some trees are better than others in filtering nitrate. O'neill and Gordon (1994) 
observed that Populus x canadensis effectively removed nitrate from saturated soils with a 
subsequent accumulation of nitrogen in root biomass. 
The potential of vegetation to provide organic matter to soil to support high biological 
activity is a key factor determining the effectiveness of buffers. While good soil conditions 
facilitate plant growth and production, increased vegetational growth and production provide 
more organic matter to the soil to stimulate biological activity. Both biomass and soil 
biological activity are high in riparian areas due to adequate soil moisture and nutrient 
availability (Swanson el al.. 1982). Therefore, studies related to biomass and biological 
activity of riparian buffers are essential to understanding mechanisms of buffers and to 
comparing and explaining the effectiveness of different buffers. 
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Soil Respiration 
Soil respiration is the release of CO2 from soil to the atmosphere. Carbon exchange 
between soil and atmosphere plays an important role in the global carbon cycle. Almost 10% 
of the atmosphere's CO2 passes through soils each year (Raich and Potter. 1995). This is 
more than 10 times the CO2 released from fossil fuel combustion (Raich and Schlesinger, 
1992). 
Soil respiration is a sensitive indicator of several essential ecosystem processes, 
including: metabolic activity in soil, persistence and decomposition of plant residue in soil, 
and conversion of soil organic carbon to atmospheric CO2 (Rochette et al., 1997). In 
addition. Parkin et al. (1996) stated that soil respiration is a good indicator of soil quality. 
Soil moisture and soil temperature are two significant determinants of soil respiration 
(Singh and Gupta. 1977; Raich and Tufekcioglu, 2000). Rochette et al. (1997) observed that 
soil respiration in moist soil was two to three times greater than in drier soils. Most 
researchers also reported an increase in soil respiration with soil temperature (e.g.. 
Kowelenko et al., 1978; Howard and Howard, 1993). 
Respiration by roots and their associated microbial components represent a significant 
pan of soil respiration in most ecosystems (Bowden et al., 1993; Kelting et al., 1998). 
Grayston et al. (1996) reported that root exudates stimulate microbial growth and activity 
because they are readily assimilated, and they may act as primers for the degradation of 
existing soil organic matter. In a native prairie, Buyanovsky et al. (1987) observed that 
belowground litter contributed 20-25%, root respiration contributed 25-30%, and decay of 
organic matter contributed 30-35% of the total soil respiration. Kelting et al. (1998) tried to 
quantify three important components of soil respiration: root respiration (Rrooi), microbial 
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respiration in the rhizosphere (/?rhizo). and root-free soil respiration (/?rfs) in a forest 
ecosystem. Their results were: Rmoi = 32%, /?rhizo= 20%, and /?rfs = 48% of total soil 
respiration. In a review paper. Raich and Tufekcioglu (2000) reported that root respiration 
accounted for 33-50% of total soil respiration in broad-leaved forests, 17-40% in grasslands, 
and 12-38% in crop fields in temperate regions. 
Soil respiration varies with vegetation type (Raich and Tufekcioglu, 2000). However, 
analyzing published soil respiration data Raich and Tufekcioglu (2000) found no predictable 
differences in soil respiration between cropped and vegetation-free soils, between grassland 
and cropped soils or between forested and cropped soils. They did find higher rates of soil 
respiration in grassland and forests than in adjacent croplands. 
Soil organic matter content influences soil respiration and soil moisture. 
Franzluebbers et al. (1995) found a significant relationship between soil organic carbon and 
soil respiration in crop fields planted with soybean, sorghum and wheat under no-tillage 
regimes. Through their influence on soil organic matter, management practices also 
influence soil respiration rates (Franzluebbers et al., 1995). Cultivation decreased soil 
organic matter between 20 to 68% in crop fields (Collins et al., 1999; Ellert and Gregorich, 
1996; Mann. 1986). 
Aboveground Biomass 
Biomass studies are essential in determining the distribution and flow of materials in 
ecosystems, and necessary to understand the dynamics of these systems (Andersson, 1971; 
Santantanio et al., 1977). Both above- and belowground biomass studies provide information 
that is essential in the management of forests, grasslands and agricultural ecosystems. 
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Soil properties and climatic factors influence aboveground production. Abrams et al. 
(1986) found that live aboveground biomass was strongly correlated with pan evaporation (r 
= - 0.45 to - 0.82), whereas dead biomass was correlated with previous years precipitation (r 
= 0.61 to 0.90) in a Kansas tallgrass prairie. Further, in ten western North American 
grasslands, Sims and Singh (1978) reported a linear increase between live biomass and 
growing-season precipitation up to 450 mm, and leveling out after that. However, Briggs et 
al. (1989) reported that deciduous forest productivity was negatively correlated with annual 
precipitation and adjacent tallgrass prairie exhibited no relationship with precipitation in 
Konza, Kansas for a 5-7 year period. 
Availability of water and nutrients in soil significantly affects plant growth. Among 
the essential nutrients for plant growth, nitrogen generally is the main limiting nutrient in 
most ecosystems (Woodmansee and Duncan, 1980). Power (1971) presented quantitative 
information on the degree to which dry matter production of grass in North Dakota was 
restricted by the lack of both water and nitrogen, singly and in combination. Limited soil 
water availability decreased grass production by 30 - 50%, depending on species and N 
fertilization rate (Stout et al., 1988). Nitrogen fertilization had an even larger effect on 
grassland production than did soil water, increasing grass production by approximately 450% 
in some instances (Stout et al., 1988). However, fertilizer N use efficiency was low, ranging 
from 15 - 42% for cool season grasses and about 29% for warm-season grasses (Stout and 
Jung, 1995). 
Considerable information is available on aboveground biomass for grass, forest and 
crop ecosystems, but only a few of these studies have been done in riparian areas (e.g. Fail et 
al., 1986). Fail et al. (1986) studied plant biomass, production, and element accumulation in 
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Georgia upper coastal plain riparian forests situated adjacent to agricultural uplands to test 
the hypothesis that riparian forests intercept mineral nutrients lost from upland agricultural 
areas. They found that aboveground growth rates of individuals of select species within this 
and other forest sites lying adjacent to cropped lands were significantly higher than rates for 
the same species in other sites where the riparian forest zone was separated from the cropped 
uplands by an intervening grass zone. Fine root production in a test site was also higher than 
the rate found on a reference site. 
Belowground Biomass 
Much of the competition among plants takes place underground. In contrast to 
aboveground competition which primarily involves a single resource, light, plants compete 
for a broad range of soil resources, including water and at least 20 essential mineral nutrients 
that differ in molecular size, valence, oxidation state, and mobility within the soil (Casper and 
Jackson, 1997). Belowground competition often reduces plant performance more than does 
aboveground competition, and it is the principal form of competition occurring in arid lands 
or other systems with extremely low plant densities (Casper and Jackson, 1997). 
W. F. Harris (1971) states: "Although the importance of roots as structural, storage, 
and physiologically active organs has been known, they have been neglected for the most 
part in ecosystem studies to date because of difficulties surrounding their study" (Santantonio 
et al., 1977). Though considerable research has been done on roots from I970's to 2000, the 
difficulty of studying roots still remains as the major problem. Methods currently employed 
to study roots are tedious, time consuming and the accuracy of the result is often not very 
15 
good. In a review paper, Stanton (1988) points out that variation in rooting phenologies, 
among other factors, complicate root sampling. For example, spurts of new root growth may 
be easily missed without careful and frequent sampling because of rapid decomposition. 
Many replicates are necessary for accurate estimates of standing crop because root growth 
patterns are also spatially heterogeneous. 
Soil characteristics also affect the distribution of roots. In deep and well drained and 
aerated soils, roots penetrate to great depths and spread widely, while root growth is 
restricted in heavy and poorly drained soils. Atkinson (1980) states that the absorptive 
capacity of plants is directly proportional to the volume of soil occupied by their roots. Thus, 
plants with deep rooting habits and strong root systems are more tolerant of drought than 
shallow rooted plants. 
Various factors such as species (angiosperm vs. gymnosperm; tree vs. grass; grass vs. 
crop etc.). age. soil moisture, nutrient availability and texture of soil have been cited to 
influence biomass allocation to roots (Cairns et al.. 1997). Keyes and Grier (1981) reported 
higher root biomass in low productivity sites than in high productivity sites in 40-year-old 
Douglas-fir (Pseudotsuga menziessi (Mirb.) Fr.) stands. Gower et al. (1992) found greater 
root biomass in control sites than in fertilized and irrigated sites of Rocky Mountain Douglas-
fir stands. Ma et al. (2000) observed that switchgrass {Panicwn virgatum L.) root biomass 
changed with soil type and cultivar. 
Fine roots represent an important portion of root biomass. Production and turnover of 
fine roots can account for over 40% of total dry-matter production by forest ecosystems 
(Keyes and Grier, 1981). In addition, fine roots are the major sources of soil organic matter 
in most ecosystems due to their rapid turnover rate. Kelly et al. (1996) found that reduced 
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root biomass accounted for up to 90% of the variation in soil organic matter across spatial 
gradients in shortgrass steppe. Fahey and Hughes (1994) observed that live plus dead root 
biomass in the organic horizons of the mature forest declined significantly between October 
1989 and August 1990. 
Root biomass typically declines with soil depth. Dahlaman and Kucera (1965), and 
Buyanovsky et al. (1987) found that approximately 90% and 81 to 87% of roots were in the 
surface 0-25 cm depth of soil in a prairie ecosystem, in Missouri, USA, respectively. 
Heilman et al. (1994) reported that roots of 4-year-old hybrids of Populus trichocarpa X 
Populiis deltoides extended to depths beyond 3.2 m. Dvvyer et al. (1996) reported rooting 
depth of com down to lOI cm while Linscott et al. (1962) reported a rooting depth of ISO cm 
for com. Switchgrass was found to have a very deep root system, with roots apparent to 330 
cm below the soil surface (Ma et al., 2000). 
Few root studies have been done in riparian areas (Hamzah, 1983). Hamzah (1983) 
found that 60 to 80% of living fine root biomass was in the top 0 to 5 cm of riparian forest 
soil. In addition, both fine root biomass and fine root N pools were high during late fall and 
winter. Total fine root biomass and N content increased from October to December. Rapp 
(1990) reported substantial uptake of N by Italian stone pine (Pinus pinea L.) during winter 
months and uptake by Pinus spp. and deciduous hardwoods may be substantial in these 
riparian forests. Lowrance (1992) concluded that the combination of year round root growth 
and N uptake and the concentration of leaf litter and fine root biomass in or near the soil 
surface is apparently responsible for the N-filtering capacity of coastal plain riparian forest 
ecosystems. 
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In a snapshot of North American grasslands, Sims et al. (1978) reported that desert 
grasslands had the lowest (156 g m"') and mixed-grass prairies had the highest (2000 g m ") 
root biomass; eight other grasslands sampled were between this range. In a review paper. 
Stanton (1988) reported that in tallgrass prairie, belowground production is 48-64% of the 
total NPP. in mixed-grass prairie 61-80%, and in shortgrass prairie 70-78%. 
Nadelhoffer et al. (1985) examined the relationships between above- and 
belowground net primary production and soil nitrogen availability at nine temperate forest 
sites. Annual allocations of nitrogen (N) and net primary production to leaf litter, perennial 
tissues (wood + bark), and aboveground biomass all increased significantly (P < .01) in 
relation to apparent N uptake by vegetation as calculated using field measurers of net N 
mineralization and other major N fluxes to and from available N pools. Mean annual N 
content and biomass of fine roots (< 3.0 mm diameter) were both negatively correlated with 
N uptake. The proportion of total net production allocated to belowground biomass did not 
decrease with increased N availability. 
McClaugherty et al. (1982) studied the standing crop, rates of production, mortality, 
decomposition, and nitrogen dynamics of two size classes of fine roots (0-0.5 mm and 0.5-
3.0 mm diameter) for I yr in a 53-yr-old red pine (Pinus resinosa Ait.) plantation and in an 
adjacent 80-yr-old mixed hardwood stand in north-central Massachusetts. Biomass of live 
fine roots was greater in the hardwoods (mean = 6.1 Mg ha '; annual range 3.6-8.6 Mg ha ') 
than in the plantation (mean = 5.1 Mg ha"'; annual range 2.5-7.8 Mg ha ') Dead root mass 
was similar in the hardwoods (mean = 4.4 Mg ha ') and the plantation (mean = 4.0 Mg ha '). 
Nitrogen standing crop of live roots in the hardwoods was greater than in the plantation 
(mean = 65 kg ha"' and 42 kg ha"', respectively). 
References 
Abrams M D, Knapp A K and Hulbert L C 1986 A ten year record of aboveground biomass 
in a Kansas tallgrass prairie: effects of fire and topographic position. American 
Journal of Botany 73, 1509-1515. 
Andersson F 1971 Methods and preliminary results of estimation of biomass and primary 
production in south Swedish mixed deciduous woodland. P. 281-288, in Productivity 
of Forest Ecosystems. P. Devigneaud(Ed.). UNESCO, Paris. 
Atkinson D 1980 The distribution and effectiveness of the roots of tree crops. Horticultural 
Reviews 2, 424-490. 
Bormann F H and Likens G E 1979 Pattern and process in a forested ecosystem. Springer-
Verlag. New York. 
Bowden R D. Nadelhoffer K J Boone R D Melillo J M and Garrison J B 1993 Contributions 
of aboveground litter, belowground litter, and root respiration to total soil respiration 
in a temperate mixed hardwood forest. Canadian Journal of Forest Research 23, 
1402-1407. 
Bri ggs J M. Seastedt T R and Gibson D J 1989 Comparative analysis of temporal and 
spatial variability in aboveground production in a deciduous forest and prairie. 
Holarctic Ecology 12, 130-136. 
Buyanovsky G A, Kucera C L and Wagner G H 1987 Comparative analyses of carbon 
dynamics in native and cultivated ecosystems. Ecology 68, 2023-2031. 
Cairns M A. Brown S Helmer E H and Baumgardner G A 1997 Root biomass allocation in 
the world's upland forests. Oecologia 111, 1-11. 
19 
Casper B B and Jackson R B 1997 Plant competition underground. Annul Review of 
Ecology and Systematics 28, 545-570. 
Collins H P, Belvins R L Bundy L G Christenson D R Dick W A Huggins D R and Paul E A 
1999 Soil carbon dynamics in corn-based agroecosysterns: Results from carbon-13 
natural abundance. Soil Science Society of America Journal 63, 584-591. 
Dahlman R C and Kucera C L 1965 Root productivity and turnover in native prairie. 
Ecology 46. 84-89. 
Dwyer L M, Ma B L Stewart D W Hayhoe H N Balchin D Culley J L B and McGovem M 
1996 Root mass distribution under conventional and conservation tillage. Canadian 
Journal of Soil Science 76, 23-28. 
Ellert B H and Gregorich G 1996 Storage of carbon, nitrogen and phosphorus in cultivated 
and adjacent forested soils of Ontario. Soil Science 161, 587-603. 
Fahey T J and Hughes J W 1994 Fine root dynamics in a northern hardwood forest 
ecosystem, Hubbard Brook Experimental Forest, NH. Journal of Ecology 82, 533-
548. 
Fail J L, Hamzah M N Haines B L and Todd R L 1986 Above and belowground biomass, 
production, and element accumulation in riparian forests of an agricultural watershed. 
P. 193-223, in D L Correll (ed) Watershed Research Perspectives. Smithsonian Press. 
Washington, DC. 
Franzluebbers A J, Hons F M and Zuberer D A 1995 Tillage and crop effect on seasonal 
dynamics of soil CO2 evolution, water content, temperature, and bulk density. 
Applied Soil Ecology 2, 95-109. 
20 
Gower S T, Vogt K A and Grier C C 1992 Carbon dynamics of rocky mountain Douglas-
fir: influence of water and nutrient availability. Ecological Monographs 62, 43-65. 
Grayston S J, Vaughan D and Jones D 1996 Rhizosphere carbon flow in trees, in 
comparison with annual plants: the importance of root exudation and its impact on 
microbial activity and nutrient availability. Applied Soil Ecology 5, 29-56. 
Groffman P M. Gold A J and Simmons R C 1992 Nitrate dynamics in riparian forest: 
microbial studies. Journal of Environmental Quality 21, 666-671. 
Hamzah M N 1983 Root biomass, production and decomposition in the riparian forests of 
an agricultural watershed. Ph. D. Dissertation. University of Georgia, Athens, 
Georgia, USA. 
Haycock N E and Pinay G 1993 Groundwater nitrate dynamics in grass and poplar 
vegetated riparian buffer strips during the winter. Journal of Environmental Quality 
22. 273-278. 
Heilman P E, Ekuan G and Fogle D 1994 Above- and belowground biomass and fine roots 
of 4-year-old hybrids of Populus trichocarpa X Popiilus deltoides and parental 
species in short-rotation culture. Canadian Journal of Forest Research 24,1186-1192. 
Hill A R 1996 Nitrate removal in stream riparian zones. Journal Environmental Quality 25, 
743-755. 
Howard D M and Howard P J A 1993 Relationships between CO2 evolution, moisture 
content and temperature for a range of soil types. Soil Biology and Biochemistry 
25,1537-1546 
Kelly R H, Burke I C and Lauenroth W K 1996 Soil organic matter and nutrient availability 
responses to reduced plant inputs in shortgrass steppe. Ecology 77, 2516-2527. 
Kelting D L, Burger J A and Edwards G S 1998 Estimating root respiration, microbial 
respiration in the rhizosphere, and root-free soil respiration in forest soils. Soil 
Biology and Biochemistry 30, 961-968. 
Keyes M R and Grier C C 1981 Above- and below-ground net production in 40-year-old 
Douglas-fir stands on low and high productivity sites. Canadian Journal of Forest 
Research 11, 599-605. 
Kowalenko C G, Ivarson K C and Cameron D R 1978 Effect of moisture content, 
temperature and nitrogen fertilization on carbon dioxide evolution from field soils. 
Soil Biology and Biochemistry 10, 417-423. 
Lawrance R 1992 Groundwater nitrate and denitrification in a coastal plain riparian forest. 
Journal of Environmental Quality 21. 401-405. 
Linscott D L, Fox R L and Lipps R C 1962 Com root distribution and moisture extraction in 
relation to nitrogen fertilization and soil properties. Agronomy Journal 54. 185-189. 
Ma Z, Wood C W and Bransby D I 2000 Impacts of soil management on root characteristics 
of switchgrass. Biomass and Bioenergy 18, 105-112. 
Mann L K 1986 Changes in soil carbon storage after cultivation. Soil Science 142, 279-
288. 
McClaugherty C A, Aber J D and Melillo J M 1982 The role of fine roots in the organic 
matter and nitrogen budgets of two forest ecosystems. Ecology 63, 1481-1490. 
Nadelhoffer K J, Aber J D and Melillo J M 1985 Fine Roots, Net Primary Production, and 
Soil Nitrogen Availability: A New Hypothesis. Ecology 66, 1377-1390. 
Naiman R J and Decamps H 1997 The ecology of interfaces: riparian zones. Annual 
Reviews of Ecology and Sytematics 28, 621-658. 
O'Neill G J and Gordon A M 1994 The nitrogen filtering capability of Carolina poplar in an 
artificial riparian zone. Journal of Environmental Quality 23,1218-1223 
Osborne L L and Kovacic D A 1993 Riparian vegetated buffer strips in water-quality 
restoration and stream management. Freshwater Biology 29. 243-258. 
Parkin T B. Doran JW and Franco-Wizcaino E 1996 Field and Laboratory tests of soil 
respiration. P. 231-245 in Methods for Assessing Soil Quality, Doran J W and Jones 
A J (Eds.). Soil Science Society of America special publication no 49, Madison, 
Wisconsin, USA 
Power J F 1971 Evaluation of water and nitrogen stress on bromegrass growth. Agronomy 
Journal 63, 726-728. 
Raich J W and Potter C S 1995 Global patterns of carbon dioxide emissions from soils. 
Global Biogiochemistry Cycles 9, 23-36. 
Raich J W and Tufekcioglu A 2000 Vegetation and soil respiration: Correlations and 
controls. Biogeochemistry 48, 71-90. 
Raich J W and Schlesinger W H 1992 The global carbon dioxide flux in soil respiration and 
its relationship to vegetation and climate. Tellus 44B, 81-99. 
Rapp M 1990 Nitrogen status and mineralization in natural and undisturbed mediterranean 
forests and coppices. Plant and Soil 128, 21-30. 
Rocheite P, Ellert B Gregorich E G Desjardins R L Pattey Lessard E R and Johnson B G 
1997 Description of a dynamic closed chamber for measuring soil respiration and its 
comparison with other techniques. Canadian Journal of Soil Science 77, 195-203. 
Santantonio D, Hermann R K and Overton W S 1977 Root biomass studies in forest 
ecosystems. Pedobiologia 17, 1-31. 
23 
Simmons R C. Gold A C and Groffman P M 1992 Nitrate dynamics in riparian forests: 
Ground water studies. Journal of Environmental Quality 21, 659-665. 
Sims P L, Singh J S and Lauenroth W K 1978 The structure and function of ten western 
North American grasslands. 1. Abiotic and vegetational characteristics. Journal of 
Ecology 66. 251-285. 
Sims P L and Singh J S 1978 The structure and function of ten western North American 
grasslands. II. Intra-seasonal dynamics in primary producer compartments. Journal 
of Ecology 66, 547-572. 
Singh J S and Gupta S R 1977 Plant decomposition and soil respiration in terrestrial 
ecosystems. Botanical Reviews 43, 449-528. 
Stanton N L 1988 The underground in grasslands. Annual Review of Ecology and 
Systematic 19, 573-589. 
Stout W L and Jung G A 1995 Biomass and nitrogen accumulation in switchgrass: effects 
of soil and environment. Agronomy Journal 87, 663-669. 
Stout W L, Jung G A and Shaffer J A 1988 Effects of soil and nitrogen on water use 
efficiency of tall fescue and switchgrass under humid conditions. Soil Science 
Society of America Journal 52, 429-434 
Swanson F J, Gregory S V Sedell J R and Campbell A G 1982 Land-water interactions: 
The riparian zone. P. 267-289. in Analysis of Coniferous Forest Ecosystems in the 
Western United States, R L Edmonds(Ed.). Hutchinson Ross Publishing Company. 
Pennsylvania, USA. 
Woodmansee R G and Duncan D A 1980 Nitrogen and Phosphorus dynamics and budgets 
in annual grasslands. Ecology 61, 893-904. 
24 
FINE ROOT DYNAMICS, COARSE ROOT BIOMASS, ROOT DISTRIBUTION, 
AND SOIL RESPIRATION IN A MULTISPECIES RIPARIAN BUFFER IN 
CENTRAL IOWA, USA 
A paper accepted by Agroforestry Systems 
Aydin Tufekcioglu*, James W. Raich**, Thomas M. Isenhart*, and Richard C. Schultz* 
Abstract 
By influencing belowground processes, streamside vegetation affects soil processes 
important to surface water quality. We conducted this study to compare root distributions 
and dynamics, and total soil respiration among six sites comprising an agricultural buffer 
system: poplar [Populus X euroamericana' Eugenei), switchgrass, cool-season pasture 
grasses, com {Zea mays L.), and soybean {Glycine max (L.) Merr.). The dynamics of fine (0-
2 mm) and small roots (2-5 mm) were assessed by sequentially collecting 35 cm deep. 5.4 cm 
diameter cores from April through November. Coarse roots were described by excavating 
1x1x2 m pits and collecting all roots in 20 cm depth increments. Root distributions within 
the soil profile were determined by counting roots that intersected the walls of the excavated 
pits. Soil respiration was measured monthly from July to October using the soda-lime 
technique. Over the sampling period, live fine-root biomass in the top 35 cm of soil averaged 
over 6 Mg ha ' for the cool-season grass, poplar, and switchgrass sites while root biomass in 
the crop fields was < 2.3 Mg ha"' at its maximum. Roots of trees, cool-season grasses, and 
switchgrass extended to more than 1.5 m in depth, with switchgrass roots being more widely 
distributed in deeper horizons. Root density was significantly greater under switchgrass and 
cool-season grasses than under com or soybean. Soil respiration rales, which ranged from 
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1.4-7.2 g C m " day ', were up to twice as high under the poplar, switchgrass and cool-season 
grasses as in the cropped fields. Abundant fine roots, deep rooting depths, and high soil 
respiration rates in the multispecies riparian buffer zones suggest that these buffer systems 
added more organic matter to the soil profile, and therefore provided better conditions for 
nutrient sequestration within the riparian buffers. 
Introduction 
Roots provide detrital carbon to soil organisms and are an important variable 
influencing the effectiveness of riparian buffer systems in immobilizing and processing soil 
water pollutants and improving soil quality (Groffman et al., 1992). Fine and small roots (< 
5 mm), and coarse roots (> 5 mm) are two major components of belowground biomass. and 
their vertical distributions define extent to which they modify soil physical and biological 
properties at depth. Fine roots represent a dynamic portion of belowground biomass. nutrient 
capital, and a significant part of net primar>' production in native and managed ecosystems 
(e.g., Harris et al., 1977 and Buyanovsky et al., 1987). Nutrient inputs to the soil via fine 
root turnover can be as much as or more than those returned in aboveground litter (Joslin & 
Henderson, 1987; Hendrick & Pregitzer, 1993). Roots are also major sources of carbon 
dioxide within the soil, and therefore stimulate soil respiration. Soil respiration is an 
excellent indicator of both root system and soil microorganism activities. Hence, 
measurements of soil respiration provide a useful assay of differences in total soil biological 
activity among sites, including differences resulting from different root activities. 
Few studies on belowground biomass and soil respiration have been done in riparian 
areas. Riparian areas differ from uplands in soil and hydrologic characteristics. Their 
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location between upland crop fields and streams places them in a unique position to serve as 
sinks for sediments, nutrients, and pesticides, to protect streambanks from erosion, and to 
reduce excessive runoff into stream channels. While there is a considerable body of evidence 
confirming the ecological importance of riparian areas as sinks for nonpoint source pollution 
(e.g.. Hill, 1996). the mechanisms controlling their effectiveness remain poorly quantified. 
By enhancing carbon availability to soil organisms, riparian vegetation may stimulate various 
biological processes within the soil. 
The objectives of this study were to determine root distribution and coarse root 
biomass, and monthly changes in fine-small root biomass and soil respiration, in crop fields, 
an adjacent multispecies buffer and a cool-season grass buffer. These parameters provide 
important links to our larger goal of defining the mechanisms controlling the effectiveness of 
re-established riparian buffers in attenuating nonpoint source pollution. 
Materials and Methods 
The study was conducted on a private farm along Bear Creek, in Story County, Iowa. 
USA (42° 11 N, 93° 30 W). A multispecies riparian buffer was established along Bear 
Creek in 1990 on soil that had been cultivated or grazed for more than 75 years. The basic 
design of the multispecies buffer consists of five rows, at 1.2 x 1.8 m spacing, of hybrid 
poplar {Populus X eiiroamericana' Eugenei) planted closest to and parallel to the creek. 
Upslope from the trees are a row of redosier dogwood (Comus sericea L.) and a row of 
ninebark (Physocarpus opiilifolius L.). A 7.3 m wide strip of switchgrass (Paniciim 
virgatiim). a native warm-season grass, is planted upslope from the shrubs at interface with 
the cropped fields (Lee et. al., 1999). 
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The study consisted of six treatments with three plots per treatment. The treatments 
were: poplar, switchgrass, cool-season grass I (unbumed), cool-season grass II (burned in 
spring of 1996), soybean {Glycine max(L) Merr.) and com {Zea mays L.)(Figure 1). The 
com and soybean fields were under an annual corn-soybean rotation. Com planted in last 
week of April and harvested at the end of October. Soybean planted at the beginning of May 
and harvested in the mid-September. Cool-season grass sites were part of a grazed riparian 
pasture prior to 1990. Dominant grass species at cool-season grass sites were brome grass 
{Bromiis inennis Leysser.), timothy {Phleum pratense L.) and fescue (Festuca sp.). These 
same species were found in the poplar understory. 
The study site is located on Coland soil (fine-loamy, mixed, mesic Cumulic 
Haplaquoll) which is well drained to poorly drained and formed in till or local alluvium and 
colluvium derived from till (DeVVitt, 1984). The soils graded into Clarion soils (fine-loamy, 
mixed, mesic Typic Hapludolls) in the uplands distant from the stream (DeWitt, 1984). 
Organic carbon contents (%) of the soil (0-35 cm depth) under poplar, cool-season grass I. 
cool-season grass II, switchgrass, com and soybean sites were 4.17, 3.4, 2.95, 2.83, 2.11 and 
1.48. respectively (Marquez et al., 1999). Our sampling was conducted in Coland and 
Coland-Clarion transitional soils. 
Sequential coring was used to determine fine and small root biomass (Harris et al., 
1977; Joslin and Henderson, 1987). Soil cores having a 5.4 cm diameter were removed 
approximately monthly from May to November from the surface 0-35 cm of soil (5 cores per 
replicate). Cores that could not be sorted immediately were placed into a deep freeze (0 °C) 
until they could be. Roots were separated from the soil by soaking in water and then gently 
washing them over a series of sieves with mesh sizes of 2.0 and 0.5 mm, following the 
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recommendations of Anderson and Ingram (1993). Roots were sorted into diameter classes 
of 0-2 mm (fine root) and 2-5 mm (small root) and were separated into live and dead 
fractions based on the elasticity of their tissues and the color of the cortex (Hayes and 
Seastedt. 1987; Joslin and Henderson, 1987). Live roots were whitish or pale-colored, 
elastic, and were free of decay. Dead roots were brown or black, broke easily, and were in 
various stages of decay. Roots from each of these size categories were oven-dried at 65° C 
and weighed. 
Coarse root biomass was determined by excavating two 0.6 x 1.8 m soil pits down to 
rooting depth in each sampling plot for a total of six pits per vegetation type (3 each in com 
and soybean). Roots were separated into 2-5 mm, 5-10 mm, 10-20 mm, and > 20 mm 
diameter classes using dry and wet sieving. A polyethylene sheet was used to record all the 
roots bisecting one (switchgrass and cool-season grasses) or two (poplar, soybean and com 
field) walls of the excavated pits to determine root density per unit area (Anderson and 
Ingram, 1993). Cool-season grass I and II were considered as one treatment in this part of 
the study. 
Soil respiration rates were measured monthly in three randomly selected locations in 
each of the three replicates per treatment (Figure 2) from July to November using the soda-
lime method (Edwards, 1982). The soda lime method has been criticized for underestimating 
high respiration rates and overestimating low flux rates (Nay et al., 1994), but the method 
does distinguish between higher and lower flux rates and, therefore, observed differences in 
measured CO2 emissions among sites reflect real differences in soil respiration. Buckets 20 
cm tall and 27.5 cm in diameter were used as measurement chambers. One day prior to 
measurements, plastic rings with the same diameter were placed over the soil and carefully 
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pushed about 1 cm into soil. All live grasses or crops inside the plastic rings were cut to 
prevent aboveground plant respiration. Carbon dioxide was absorbed with 60 g of soda-lime 
contained in 7.8 cm diameter by 5.1 cm tali cylindrical tins. The tins of soda-lime were oven 
dried at 105 °C for 24 h, weighed and covered tightly before putting into field. In the field, 
the plastic rings were removed from the soil, and the tins were uncovered and placed on the 
soil or dead litter. The measurement chambers were then placed over the tins and held 
tightly against the soil with 3-5 kg weights placed on the top of each chamber. After 24 h, 
the tins were removed, oven dried at 105 °C for 24 h, and weighed. Blanks were used to 
account for carbon dioxide absorption during handling and drying. Soda-lime weight gain 
was multiplied by 1.69 to account for water loss, following Grogan (1998). 
Statistical comparisons were made using the general linear models procedure of SAS 
(SAS Institute, 1985). We used ANOVA to compare fine root biomass and soil respiration 
rates among vegetation types and sampling dates using a repeated measures design. 
Differences between specific vegetation types and between sampling dates were determined 
with a least significant difference test at a=0.05. Root densities were compared among 
vegetation types and depths with the same analysis techniques, considering depth as the 
repealed measure. 
Results and Discussion 
Belowground biomass 
Fine Root Biomass (FRB) (0-2 mm) 
Live FRB differed significantly among vegetation types (P=0.0001) and months 
(P=0.052). Switchgrass had significantly greater live FRB than did the cool-season grass I. 
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poplar, com and soybean sites. The cropfields had significantly lower live FRB than did any 
other vegetation type (Figure 2). Over all sites, the maximum live FRB was observed from 
August to October, and minimum live FRB occurred during May (P<0.05). These results are 
in agreement with a fall maximum in live FRB in grasses and trees as observed by Hansson 
and Andren (1986), and Shackleton et al. (1988). However, an annual peak in FRB in spring 
or early summer was reported for trees by Joslin and Henderson (1987). and Farrish (1991). 
and for grasses by Saterson and Vitousek (1984). 
In our study, live FRB of switchgrass continued to increase through time (Figure 2). 
This continuous increase might be due to the production of long-lived rhizomes; Hartnett 
(1989) reported that switchgrass maintained intact rhizome interconnections among stems up 
to 10 years. Increasing live FRB in switchgrass might also suggest that belowground 
biomass in that site has not yet reached a stable level, seven years after planting, but 
additional sampling is needed to test this possibility. 
Dead FRB also differed significantly among vegetation types (P=O.OOOI) and 
sampling dates (P=0.0001). The cool-season grass sites had significantly greater dead fine 
root biomass than did any other sites (P<0.05), and the crop fields (com and soybean) had 
significantly lower dead FE?B than did any other vegetation types (P<0.05). The seasonality 
of dead FRB was opposite that of live FRB. Maximum dead FRB occurred during May and 
June, when live FRB was minimal, and minimum dead FRB was observed during October, 
when live FRB was maximum (Figure 3). Jose et al. (1982) reported an annual peak in dead 
FRB in early summer, while Keyes and Grier (1981), Hansson and Andren (1986), and 
Hendrick and Pregitzer (1993) reported an annual peak in late summer or fall. Joslin and 
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Henderson (1987) observed peak dead FRB values in both late spring-early summer and late 
summer or fall in a white oak stand. 
The seasonality of live and dead roots varied among years in Kansas tallgrass prairie 
(Hayes and Seastedt, 1987). In that site live FRB varied from 3.2 to 6.2 Mg ha ', and dead 
FRB varied from 2.8 to 5.6 Mg ha"'. These ranges correspond well with our ranges of 5.7 to 
10.8 Mg ha"' for live fine roots and of 1.1 to 6.2 Mg ha"' for dead fine roots. An increase in 
dead fine root biomass after fire was reported by Jose et al. (1982) and Moya and Castro 
(1992). This is consistent with our finding of a large amount of dead fine root biomass under 
the burned cool-season grass (cool-season grass II) vegetation in May (Figure 3). On 
average, the poplar, switchgrass, and cool-season grass sites had 2 to 6 times more dead FRB 
than did soybean or com. 
Small Root Biomass (2-5 mm) 
Live small root biomass was substantially less than live fine root biomass in all sites. 
Averaged over the growing season, live small root biomass for switchgrass , poplar, cool-
season grass I, cool-season grass II, soybean and com were 2.00, 0.38, 0.37, 0.65, 0.20, and 
0.16 Mg ha"', respectively. There was no significant difference among sampling dates. 
Small live root biomass did vary significantly among vegetation types (F=0.0003), with 
switchgrass having significantly greater biomass than any other vegetation type. Our live 
small root biomass values for switchgrass and cool-season grass II were similar to the ca. 
1.3-1.7 Mg ha"' observed by Joslin and Henderson (1987) in a mature white oak stand in 
Missouri. 
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Differences in dead small root (2-5 mm) biomass were only marginally significant 
among vegetation types and sampling dates (P=0.07). On average, the greatest biomass of 
dead small roots was observed under cool-season grass II vegetation (0.21 Mg ha"'), and the 
least biomass was beneath com (0.01 Mg ha"'). The dead small roots beneath com were 
those left from the soybeans that occupied that field the previous year. 
Coarse Root Biomass (> 5 mm) 
Roots with diameters larger than 5mm were observed only under poplar, soybean and 
corn vegetation. Total coarse root biomass of poplar, com and soybean were 3.9, 1.1 and 0.3 
Mg ha"', respectively. Com and soybean coarse roots extended to 20 cm depth only, while 
poplar coarse roots grew up to 140 cm deep. Coarse root biomass of poplar decreased with 
increasing depth. Total coarse root biomass of these 7-year-old poplars planted at 1.2 X 1.8 
m spacing was less than that observed by Puri et al. (1994) under 9-year-old Popidus 
dclioides stand planted in 2 X 2 m spacing (29.8 Mg ha '). This difference can be attributed 
to differences in spacing and ecological conditions. 
Root Density 
Root density ranged from 0.2 to 44.2 roots per square decimeter and declined 
significantly (P=0.0001) with increasing depth (Figure 4). Rooting density was significantly 
higher in the switchgrass and cool-season grass sites than in soybean or com (P<0.05). No 
roots were observed below 125 cm depth under com or soybean, but roots extended to at 
least 180 cm under poplar. Heilman et al. (1994) reported that roots of 4-year-old hybrids of 
Populus trichocarpa X Popiilus deltoides extended to depths beyond 3.2 m. Dwyer et al. 
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(1996) reported rooting depth of com down to 101 cm while Linscott et al. (1962) reported a 
rooting depth of 180 cm for com. These differences in rooting depth of com could be due to 
differences in soil properties. 
Soil Respiration 
The soil respiration varied significantly among sampling dates (P=O.OOOI), with 
significantly highest rales occurring in early August and the lowest rates occurring in 
September and October (Fig. 5). Mean daily soil respiration values ranged from 1.4 to 7.2 g 
C m " day '. From July 27 to October 28 soil respiration averaged 4.6, 4.5, 4.4, 3.7. 2.4 and 
2.7 g C m " day ' in the cool-season grass 1, cool-season grass II, poplar, switchgrass, com 
and soybean sites, respectively. Soil respiration rates in the poplar and cool-season grass 
sites were significantly greater (F<0.05) than in the other three vegetation types. Soil 
respiration rates in the switchgrass sites were significantly lower than those in the cool-
season grass and poplar sites, but were significantly greater than those in the crop fields 
(P<0.05). 
Conclusions 
The poplar, switchgrass, cool-season grass I and cool-season grass II sites had higher 
live and dead fine root biomass than did either com or soybean, suggesting that beiowground 
organic matter inputs to the soil were greater in the planted riparian zones than in the crop 
fields. This is important because microorganisms need organic matter as a carbon source for 
denitrification, one of the most important mechanisms of nitrate removal in riparian areas 
(Hill, 1996). In addition, higher root densities in switchgrass and cool-season grasses than in 
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the crop fields, and deeper rooting depth in the poplar, provide evidence that the planted 
riparian vegetation types were more effective than com or soybean in colonizing the entire 
soil profile. The riparian vegetation types we studied were composed of perennial plants and 
their roots colonized the soil for the entire year, whereas live roots were present in the annual 
crop fields for <5 months. The presence of abundant live fine roots in the spring and early 
summer (e.g.. Fig. 2) may be particularly important in decreasing nitrate losses from the soil 
at that lime of year. 
Plant uptake of nitrate by roots is a major nitrate retention mechanism (e.g., Groffman 
et al.. 1993). O'Neill and Gordon (1994) showed that Carolina poplar trees were effective in 
lowering subsurface nitrate concentrations as soil solution migrated through the rooting 
zones of trees. In this study, higher live and dead root biomass, higher root densities and 
greater rooting depths in poplar, switchgrass and cool-season grasses than in com or soybean 
suggest that some of the excess nitrate coming from adjacent crop fields through ground 
water flow might be taken up by the roots of the buffer strip vegetation more effectively than 
in com or soybean. 
Soil respiration is a good indicator of overall soil biological activity. Greater soil 
respiration in the planted buffer strip vegetation suggests higher rates of soil carbon tumover 
in the buffer strips than in the crop fields. These results are consistent with the larger live 
and dead root biomass pools in the buffer strips (Figure 2 & 3), and provide supporting 
evidence that carbon limitations to microbes are reduced in the buffer strip in comparison 
with the crop fields. The differences we observed can not be attributed wholly to the 
different vegetation types; soil properties differ with proximity to the stream. Nevertheless, 
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all our data are consistent in supporting the use of perennial plants in riparian zones to 
enhance carbon inputs to the soil and throughout the soil profile. 
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Figure 1. Schematic representation of the experimental plot layout showing vegetation types 
and sampling plots. 
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Figure 2. Mean live fine root biomass within riparian and agricultural fields in Central Iowa. 
USA. Each point is the mean of three sampling sites, with 5 samples per site per 
sampling date. Standard error bars are not shown for the cool-season grass sites to 
improve the clarity of the figure. 
6 r v> U) 
cc 
E 
o 
e 4 
o 
ir 3 
0) 
c 
Li-ir 2 
^ 1 CD I O) Q 
0 
25 May 29 Jun 29 Jul 31 Aug 
Sampling Time (1996) 
Poplar 
Switchgrass 
Coolgrass I 
Coolgrass II 
Soybean 
Com 
9 Nov 
Figure 3. Mean dead fine root biomass within riparian and agricultural fields in Central Iowa, 
USA- Each point is the mean of three sampling sites, with 5 samples per site per 
sampling date. Standard error bars are not shown for the cool-season grass I or 
switchgrass sites to improve the clarity of the figure. 
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sites at four depths in Central Iowa, USA. Each horizontal bar (+S.E.) represents 
the average of six pits for each riparian vegetation type, and the average of three 
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SOIL RESPIRATION WITHIN RIPARIAN BUFFERS AND ADJACENT 
CROP FIELDS 
A paper accepted by Plant and Soil 
Aydin Tufekcioglu*. James W. Raich, Thomas M. Isenhart, and Richard C. Schultz 
Abstract 
We quantified rates of soil respiration among sites within an agricultural landscape in 
central Iowa, USA. The study was conducted in riparian cool-season grass buffers, in re­
established multispecies (switchgrass + poplar) riparian buffers and in adjacent crop (maize 
and soybean) fields. The objectives were to determine the variability in soil respiration 
among buffer types and crop fields within a riparian landscaf>e, and to identify those factors 
correlating with the observed differences. Soil respiration was measured approximately 
monthly over a two-year period using the soda-lime technique. Mean daily soil respiration 
across all treatments ranged from 0.14-8.3 g C m " d"'. There were no significant differences 
between cool-season grass buffers and re-established forest buffers, but respiration rates 
beneath switchgrass were significantly lower than those beneath cool-season grass. Soil 
respiration was significantly greater in both buffer systems than in the cropped fields. 
Seasonal changes in soil respiration were strongly related to temperature changes. Over all 
sites, soil temperature and soil moisture together accounted for 69% of the seasonal 
variability in soil respiration. Annual soil respiration rates correlated strongly with soil 
organic carbon (r =0.75. P<0.001) and fine root (<2 mm) biomass (r =0.85, PcO.OOl). 
Annual soil respiration rates averaged 1140 g C m"' for poplar, 1185 g C m"' for cool-season 
grass, 1020 g C m'" for switchgrass, 750 g C m " for soybean and 740 g C m'" for com. 
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Overall, vegetated buffers had significantly higher soil respiration rates than did adjacent 
crop fields, indicating greater soil biological activity within the buffers. 
Introduction 
Natural and re-established riparian buffers reduce nonpoint source pollutants derived 
from upland agricultural lands, and enhance terrestrial and aquatic habitat (Hill, 1996; 
Isenhart et al.. 1997; Jordan et al., 1993; Peterjohn and Correll. 1983; Schultz et al., 1995). 
The quality of soils in riparian buffers plays an important role in facilitating these functions. 
To a large extent, the rates at which organic matter is provided to and cycles through riparian 
soils mediate their effectiveness as living filters between agricultural fields and surface 
waters. Soil respiration is an excellent indicator of total soil biological activity, and therefore 
of overall soil quality (Karlen et al., 1997; Parkin et al.. 1996). 
Riparian areas differ from uplands in soil and hydrologic characteristics, but few 
studies of soil respiration have been conducted in riparian zones (Griffiths et al., 1997; 
Tufekcioglu et al.. 1998). Their location between crop fields and streams places riparian 
buffers in a unique position to serve as sinks for sediments, nutrients, and pesticides; to 
protect stream banks from erosion; and to reduce excessive runoff into stream channels 
(National Research Council, 1993). To fulfill these functions, riparian buffer soils should 
have high biological activity and conditions that foster water infiltration and gas diffusion. 
The rate of soil respiration is controlled primarily by the rate of CO2 production by 
biota within the soil, but is modified by factors influencing the CO2 movement out of the soil 
(Raich and Schlesinger, 1992; Schlesinger, 1977). Environmental factors such as soil 
moisture and temperature influence soil biological activity and CO2 diffusion, and therefore 
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have pronounced influences on the seasonal dynamics of soil respiration (Davidson et al., 
1998; Kowalenko et al., 1978; Singh and Gupta. 1977). Factors such as the availability of 
soil organic matter and density of plant roots, which provide the substrates for soil biological 
activity, may control the overall magnitudes of soil respiration (Bowden et al., 1993; 
Franzluebbers et al. 1995; Kelting et al., 1998). 
The objective of this study was to compare rates of soil respiration among two 
riparian buffer systems and their adjacent crop fields, and to identify the underlying 
environmental variables most likely causing differences in soil respiration among sites, and 
among seasons within sites. We hypothesized that riparian buffers have higher rates of soil 
biological activity, and therefore have higher rates of soil respiration than do adjacent 
croplands. 
Materials and methods 
This study was conducted on a private farm along Bear Creek, in Story County, Iowa, 
USA (42° 11 N. 93° 30 W). The study was done on two types of riparian buffers (multi-
species riparian buffer and cool-season grass buffer), and in adjacent crop fields. Multi-
species riparian buffers were established along Bear Creek in 1990 on soil that had been 
cultivated or grazed for more than 75 years. The basic design of the multi-species buffer 
consists of five rows, at 1.2 x 1.8 m spacing, of hybrid poplar (Populus X euroamericana' 
Eugene/) planted closest to and parallel to the creek. Upslope from the trees are a row of red 
osier dogwood (Connis sericea L.) and a row of ninebark (Physocarpus opulifolius L.). A 
7.3 m-wide strip of switchgrass {Panicum virgatiun L.), a native warm-season grass, is 
planted upslope from the shrubs at the interface with the cropped fields (Schultz et al., 1995). 
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Cool-season grass buffers were directly adjacent to the multi-species riparian buffers and 
were formerly grazed riparian meadows, dominated by cool-season grasses, that form the 
traditional streamside management system in this intensively cropped region. 
Six transects, three each bisecting cool-season and multispecies buffers, were 
established on either side of a 0.8 km stretch of Bear Creek, perpendicular to the stream. In 
multispecies buffers soil respiration was measured in poplar (streamside), switchgrass 
(cropside) and in the crop field plots. In cool-season buffers soil respiration was measured in 
streamside plots, cropside plots and in the adjacent cropfield plots. The cool-season grass 
sites were divided into streamside and cropside plots to control for the potential effect of 
distance from stream on soil respiration. Plot sizes varied from 7 X 10 m to 10 X 15 m. The 
crop fields were under an annual maize-soybean rotation. Maize {Zea mays L.) usually was 
planted in the early May and harvested at the end of October. Soybean (Glycine max (L.) 
Merr.) usually was planted in mid-May and harvested in mid-September. The cool-season 
grass sites were part of a grazed riparian pasture prior to 1989 when grazing was stopped. 
Dominant grass species in the cool-season grass sites were smooth brome (Bromus inermis 
Leysser.). timothy (Phleum prcitense L.), and Kentucky bluegrass {Poa pratensis L.). These 
same species were also found in the poplar understory. 
The study sites were on Coland soil (fine-loamy, mixed, mesic Cumulic Haplaquoll) 
which is well drained to poorly drained and formed from till or local alluvium and colluvium 
derived from till (DeWitt. 1984). The soils graded into Clarion soils (fine-loamy, mixed, 
mesic Typic Hapludolls) in the croplands distant from the stream (DeWitt, 1984). Our 
sampling was conducted mainly in Coland soils, but two crop and two switchgrass plots were 
in Coland-Clarion transitional soils. Average slope of the study area was 2%. Organic 
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carbon contents of the soils (0-35 cm depth) were obtained from Marquez et al. (1999) who 
examined organic matter fractions of the same plots (Table I). The biomass of fine (0-2 mm) 
roots was assessed by sequentially collecting five 35-cm deep. 5.4-cm diameter cores p)er plot 
each month from April through November in 1996. Roots were sorted into live and dead 
fractions based on the elasticity of their tissues and the color of the cortex (Tufekcioglu et al., 
1999). 
Soil respiration rates were measured approximately monthly in three randomly 
selected locations in each of the three plots (i.e. vegetation types) per transect from July 1996 
to August 1998 using the soda-lime method (Cropper et al., 1985; Edwards, 1982; Raich et 
al., 1990). The soda-lime method may underestimate actual soil respiration rates at high flux 
rates (e.g. Ewel et al., 1987; Haynes and Gower, 1995). However, the method does 
distinguish between higher and lower flux rates and. therefore, it is an appropriate method for 
comparing sites. 
Buckets 20 cm tall and 27.5 cm in diameter were used as measurement chambers. 
One day prior to measurements, plastic rings with the same diameter were placed over the 
soil and carefully pushed about 1 cm into the soil. All live plants inside the plastic rings 
were cut to prevent aboveground plant respiration. Carbon dioxide was absorbed with 60 g 
of soda-lime contained in 7.8 cm diameter by 5.1 cm tall cylindrical tins. In the field, the 
plastic rings were removed, measurement chambers were placed over the tins of soda-lime, 
and the chambers were held tightly against the soil with rocks. After 24 h the tins were 
removed, oven dried at 105 °C for 24 h, and weighed. Blanks were used to account for 
carbon dioxide absorption during handling and drying (Raich et al. 1990). Soda-lime weight 
gain was multiplied by 1.69 to account for water loss (Grogan, 1998). Soil temperature was 
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measured at 5 cm soil depth adjacent to each chamber in early morning. Gravimetric soil 
moisture was determined by taking soil samples at 0-5 cm depth and drying them at 105 °C 
for 24 h on the day that the soda-lime tins were removed from the plots. Soil moisture was 
not measured in winter, when the soil was frozen. 
Statistical comparisons were made using the general linear models procedure of SAS 
(SAS Institute, 1985). We used ANOVA to compare soil respiration rates, soil temperatures, 
and soil moisture contents among buffer types, position from stream (streamside, cropside 
and cropfields), and sampling dates using a repeated measures design. Paired comparisons 
among vegetation covers, plot positions and sampling dates were determined with Least 
Significant Difference test (SAS Institute. 1985) at a=0.05. Step-wise multiple regression 
analysis was performed to evaluate the importance of soil temperature and soil moisture on 
seasonal soil respiration rates. The possible effects of soil organic carbon content and fine 
root biomass on annual soil respiration rates were evaluated among vegetation types with 
correlation analysis. 
Results 
1 Among all treatments, mean daily soil respiration ranged from 0.14 to 6.7 g C m"" d' 
(Fig. I A). Highest rates were observed in late July when soil temperatures were high, while 
lowest rates were observed in January when soil temperatures were minimal (Fig. IB). Soil 
respiration varied significantly among sampling dates and landscape positions (P<0.0001). 
The cropped fields had significantly lower soil respiration than did all plots in riparian 
buffers. Soil respiration in multi-species riparian buffers was not significantly different than 
in cool-season grass buffers. Within the riparian buffers, the poplar and cool-season grass 
sites had significantly greater soil respiration rates than did the switchgrass plots (P< 0.05). 
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Soil temperature and soil moisture varied among landscape positions and sampling 
dates (P<0.01) (Fig. IB & IC). Soil temperatures in the crop fields were significantly 
(P<0.05) different from those in switchgrass. being higher in the spring and the summer; and 
lower in the winter, but no other temperature differences among different vegetation 
components of buffers and crops were found. Soil moisture contents under the poplar, 
cropside cool-season grass and switchgrass sites were significantly greater than in the com, 
soybean and streamside cool-season grass sites (P<0.05). 
Within sites, seasonal changes in soil respiration were correlated most highly with 
soil temperature. When all sites were considered together, mean daily soil respiration varied 
with soil temperature and moisture (R~ = 0.69, P<0.0001): 
In (SR) = 0.0865 T + 0.0246 M - 0.264 
where SR is the soil respiration rate (g C m " d"'). T is morning surface-soil (0-5 cm depth) 
temperature (°C) and M is surface-soil (0-5 cm depth) gravimetric moisture content (% H2O). 
All three parameters were significant (P<0.01). 
Among sites, mean annual soil respiration rate correlated positively with mean soil 
organic carbon content, dead fine root biomass. live fine root biomass, total fine root biomass 
(dead + live) and soil moisture content (Table 2, Fig. 2). Despite the pronounced influence 
of soil temperatures on seasonal variations in soil respiration (Fig. I), mean annual soil 
respiration rates among vegetation types did not correlate with mean annual soil temperatures 
(Table 2). Soil temperature and soil moisture were negatively correlated, suggesting that 
high (mean annual) soil temperatures were associated with drier soils. Live, dead and total 
fine root biomass were positively correlated at P<0.005. so we discuss total fine root biomass 
only, which had the highest correlations with soil respiration rates. Soil moisture, total fine 
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root biomass. and soil organic carbon content were all positively correlated with one another 
(Table 2), making the clear identification of cause and effect impossible. 
For summary comparisons, annual soil respiration rates were estimated by calculating 
the average soil respiration rate per month over the duration of the study and assuming 
February respiration equaled the average of the January and March rates. Annual soil 
respiration totaled 1220 g C m'~ for streamside cool-season grass. 1150 g C m'" for cropside 
cool-season grass, 1140 g C m " for poplar, 1030 g C m'" for switchgrass, 750 g C m'~ for 
soybean and 740 g C m " for the com sites. 
Discussion 
The mean daily soil respiration rates measured in this study (0.14 to 6.7 g C m " d'') 
were similar to those observed by others (Coleman. 1973: Jurik et al., 1991; Kucera & 
JCirkham. 1971; Lessard et al.. 1994). Soil respiration increased from winter to summer and 
decreased from summer to fall, as is typical in temperate latitudes (e.g., Hudgens and Yavitt, 
1997; Kowalenko et al.. 1978). Kowalenko et al. (1978) reported that temperature was 
limiting during the winter and spring (cold and moist) and moisture was limiting during the 
summer or fall. A similar effect of temperature on soil respiration was observed in this 
study; but temperature was also a limiting factor during late fall. Although soil moisture was 
higher or similar in November than in August; soil respiration was higher in August than in 
November (Fig 1). This indicates the limiting effect of temperature during fall. Significant 
soil temperature differences were only observed between the switchgrass and cropped plots. 
Soil temperature in the switchgrass sites was higher in fall and lower in spring than in 
adjacent crop fields. Switchgrass produces aboveground biomass up to 16300 kg ha"' 
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(Huang et al., 1996). The surface litter in the switchgrass sites probably delayed soil 
warming in early spring and cooling in late fall. 
While temperature was the most important factor driving seasonal variation in soil 
respiration (Fig. 1), it was not significant in terms of explaining variation among vegetation 
types (Table 2). The crop fields had the highest average soil temperature but the lowest 
overall soil respiration rates. This is probably due to lowest root biomass. soil organic 
carbon and water contents in the crop fields (Table 1). 
Soil respiration rates in the buffer sites were significantly higher than in the crop 
fields (Fig. 1). Previous comparisons between perennial and adjacent cropped systems by 
other researchers have given inconsistent results. Higher soil respiration rates in a forest than 
a nearby com field were reported by Lessard et ai. (1994), whereas Beyer (1991) found both 
higher and lower soil respiration rates in forests compared to cropped fields. Grasslands had 
higher rates of soil respiration than did cropped fields in studies by de Jong (1981) and 
Wagai et al. (1998), but Buyanovsky et al. (1987) found lower overall soil respiration rates in 
a prairie than in a winter wheat system. In our case, the higher soil respiration rates in the 
buffers were correlated with more soil organic carbon contents, greater fine root biomass. 
and higher soil moisture contents, all of which correlated significantly with one another 
(Table 2). 
Respiration by roots and their associated microbial components represent a significant 
part of soil respiration in most ecosystems (Bowden et al., 1993; Kelting et al., 1998). While 
live roots directly contribute to soil respiration, dead roots and root exudates provide carbon 
as an energy source and nutrients for microbial biomass. Grayston et al. (1996) reported that 
root exudates stimulate microbial growth and activity because they are readily assimilated. 
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and they may act as primers for the degradation of existing soil organic matter. In a native 
prairie, belowground litter contributed 20-25%, root respiration contributed 25-30%, and 
decay of organic matter contributed 30-35% of the total soil respiration (Buyanovsky et al., 
1987). Root respiration accounted for 33-50% of total soil respiration in broad-leaved 
forests, 17-40 % in grasslands, and 12-38% in crop fields in temperate regions (Raich and 
Tufekcioglu. 1999). Higher annual soil respiration in poplar, switchgrass and cool season 
grass sites compared to crop sites might be driven mainly by root biomass. and soil organic 
matter content differences among sites. 
Switchgrass had the highest live fine root biomass, but soil respiration was lower in 
switchgrass sites than in poplar and cool-season grass sites. This might be due to either 
relatively low root turnover, low root respiration of switchgrass, or low C:N ratio of 
switchgrass detritus. Hartnett (1989) reported that switchgrass produced long-lived rhizomes 
and maintained intact rhizome interconnections among stems up to 10 y. Substrate quality 
and root respiration differences between the switchgrass and cool-season grasses might also 
result in different soil respiration rates. For example, Wedin (1995) reported that low-quality 
litter from the prairie grass Schizachyrium scoparium (Michx.) Nash., a C4 species, 
decomposed slowly and immobilized large amounts of N, whereas litter from the C3 grass 
Agropyron repens (L.) Beauv. decomposed faster and showed no net N immobilization. We 
hypothesize that physiological or substrate-quality differences between switchgrass and the 
cool-season grass species may lead to lower rates of C cycling in the soils beneath 
switchgrass. 
Soil organic matter is an important determinant of soil respiration and soil moisture. 
Franzluebbers et al. (1995) found a significant relationship between soil organic carbon and 
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soil respiration in crop fields planted with soybean, sorghum and wheat under no-tillage 
regimes. Management practices also influence soil respiration rates through their influence 
on soil organic matter (Franzluebbers et al., 1995). In general, cultivation decreases the soil 
organic matter content of agricultural soils except in intensively manured fields. Decreases 
from 20 to 68% in soil organic carbon were reported depending on years under cultivation 
(Collins et al., 1999; Ellert and Gregorich, 1996, Mann, 1986). Lower soil organic matter 
under crops is ii^cely the result of the combined effect of annual vegetation and management 
practices. 
Soil moisture differences among sites were probably also driven by soil organic 
matter differences. Water holding capacity of soil increases with an increase in soil organic 
matter (Kern. 1995). More soil organic matter in the poplar and grass plots may have 
enhanced soil respiration by providing carbon as an energy source to microorganisms and by 
increasing the water-holding capacity of the soil. Increased water holding capacity provides 
better conditions for root growth and for microorganisms, which may lead to higher soil 
respiration. Rochette et al. (1997) found that soil respiration in moist soil was two to three 
times greater than in drier soils. Soil moisture contents under crop fields were significantly 
lower than under other vegetation types except the streamside cool-season grass. The 
relatively low soil moisture content of the streamside cool-season grass plots (Fig. IC) was 
due to sandy sediment deposited on the soil surface by flooding events. 
Annual carbon release values found in this study (740-1220 g C m'" y"') are within 
the ranges reported by others. Soil respiration rates in our grass sites (1030-1220 g C m'" y"') 
were higher than those observed in tallgrass prairie by Risser et al. (1981) (660 g C m " y '), 
and Buyanovsky et al. (1987) (490 g C m"~ y"'), who also used static, closed chamber 
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techniques. Rates in prairie ecosystems measured with dynamic IRGA-based systems 
include 450 g C m " y"' in Missouri (Kucera and Kirkham, 1971), 720 g C m " y ' in 
Wisconsin (Wagai et al., 1998), and 1100-2100 g C m " y"' in Kansas (Bremer et al., 1998; 
Knapp et al., 1998). Our crop field values (740-750 g C m'~ y ') are slightly higher than 
those found in a winter wheat ecosystem in Missouri (640 g C m " y"') (Buyanovsky et al., 
1987). and from tilled and no-till com in Wisconsin (508-534 g C m " y"') (Wagai et al., 
1998); and are close to those found in a soybean field in Missouri (760 g C m " y ') 
(Buyanovsky and Wagner. 1995). 
The buffers had significantly higher rates of soil respiration than did the crop fields, 
but were also closer to the stream. Therefore, a position effect might be expected. However, 
switchgrass and cropside cool-season grass sites were in the same positions, yet they had 
significantly different soil respiration rates. There was no significant difference between 
streamside and cropside grass sites, suggesting that stream- and cropside cool-season grass 
sites were similar or no position effect existed under the same vegetation type. Overall, the 
perennial vegetation present in the buffers supported higher rates of C cycling through the 
soil than did annual crops. These higher rates of soil respiration are evidence of high rates of 
the biological activity that promote the effectiveness of riparian buffers as living filters 
between agricultural fields and surface waters. 
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Table 1: Mean soil respiration, soil temperature, soil moisture, soil organic carbon and root 
biomass in the six vegetation types investigated in this study (n=3 plots per 
vegetation). Root data are from Tufekcioglu et ai. (1999) and soil organic carbon 
data are from Marquez et al. (1999); both refer to the surface 35 cm of soil. 
Vegetation types 
Poplar Switch-
erass 
Streamside Cropside Soybean Com 
Cool-season Cool-season 
grass arass 
Mean soil respiration 3.34 2.99 3.55 
( g C 
Mean soil organic 41.7 28.3 34.0 
Carbon content (g kg ') 
Mean dead fine root 174 146 256 
biomass (<2 mm) (g m ") 
Mean live fine root 646 896 673 
biomass(<2 mm) (g m ") 
Mean soil temperature(C) 4.67 4.40 4.73 
3.33 
29.5 
365 
704 
4.57 
2.16 2.15 
14.8 21.1 
53 39 
9 1  1 1 1  
4.94 4.58 
Mean soil moisture (g g' ) 0.32 0.28 0.21 0.29 0.17 0.17 
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Table 2: Pearson correlation coefficients among measured variables in the study area (n=l8). 
Asterisks refer the level of significance; *. P<.05; P<.01; ***, P<.(X)1 
Variables soc- DFTIB" LFRB^ TFRB^ T5 
SR' .751*** .809*** 796*** .857*** 672*** -.288 
soc- 1.0 .506* .579** .600** .649** -.287 
DFRB-' 1.0 .658** .803*** .529* -.164 
LFRB" 1.0 gU*** .662** -.410 
TFRB^ 1.0 .673** -0.371 
M-' 1.0 730*** 
' SR: soil respiration (g C M " d"'); 
" SOC: Mean soil organic carbon content (g kg '). 
^ DFRB, LFRB & TFRB; Mean dead, live and total fine root biomass (g m "), respectively. 
M: Mean soil moisture (%). 
^ T: Mean soil temperature (°C) 
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Figure 1: Mean monthly soil respiration rates (A), soil temperatures (0-5 cm depth, B), and 
soil moisture contents (0-5 cm depth, C) in poplar, cool-season grasses (CSG-S: 
streamside, CSG-C; cropside), soybean and maize sites in central Iowa, averaged over 
the two year period 1996-1998. Standard error bars are shown for the streamside 
cool-season grass site only; error terms for the other sites were similar in magnitude. 
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Figure 2: Mean annual soil respiration in relation to soil organic carbon (0-35 cm depth) (A) 
and root biomass content (0-35 cm depth) (B) in Bear Creek Watershed, Iowa (n=18). 
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BIOMASS, CARBON AND NITROGEN DYNAMICS WITHIN RIPARIAN 
BUFFERS AND ADJACENT CROP FIELDS 
A paper to be submitted to Plant and Soil 
Aydin Tufekcioglu*, James W. Raich, Thomas M. Isenhart, and Richard C. Schultz 
Abstract 
Biomass studies are fundamental to understanding the dynamics of ecological 
systems. This study was conducted to determine biomass, carbon and nitrogen dynamics in 
multi-species riparian buffers, cool-season grass buffers and adjacent crop fields. The 
multispecies buffer was composed of poplar (Populus X euroamericana' Eugenei) and 
switchgrass (Panicum virgatiim L.). Crop fields were under an annual corn-soybean rotation. 
Aboveground non-woody live and dead biomass was determined by clipping 25 by 25 cm 
quadrats (93 x 50 cm in crop fields). The dynamics of fine (0-2 mm) and small roots (2-5 
mm) were assessed by sequentially collecting 35 cm deep, 5.4 cm diameter cores for the first 
year and 125 cm deep cores for the second year from April through November. Biomass of 
poplar trees was estimated using allometric equations developed by destructive sampling of 
trees. Poplar had the greatest aboveground live biomass, N and C pools, while switchgrass 
had the highest aboveground dead biomass, C and N. Over the two-year sampling period, 
live fine root biomass and root C and N in the riparian buffers were significantly greater than 
in crop fields. 
Introduction 
Natural and re-established riparian buffers reduce nonpoint-source pollutants derived 
from upland agricultural lands, and enhance terrestrial and aquatic habitat (Isenhart et al.. 
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1997; Lowrance, 1997; Schultz et al., 1995). Their location between crop fields and streams 
places riparian buffers in a unique position to serve as sinks for sediments, nutrients, and 
pesticides, to protect stream banks from erosion and to reduce excessive runoff into stream 
channels (Schultz et al„ 1995). 
Because of their location, riparian zones have a significant potential for regulating the 
movement of materials in surface runoff and groundwater that flows from uplands to streams 
(Hill, 1996). A considerable number of studies has shown that riparian buffers placed 
between crop fields and streams can decrease nitrate levels within the soil solution, retaining 
up to 55-99% of N that enters into streams (Hill, 1996). Mechanisms by which riparian 
buffers capture nitrate include plant immobilization, microbial immobilization and 
denitrification (Simmons et al.. 1992). Riparian vegetation plays a major role in all three of 
these mechanisms either directly or indirectly. Plant uptake of nitrate from shallow 
groundwater is considered direct effect of vegetation while organic carbon addition into soil 
is viewed as an indirect effect of vegetation (Haycock and Pinay, 1993). 
Previous work shows that plants in some instances immobilize more N than microbes 
(Groffman et al.. 1992). Peteijohn and Correll (1984) estimated vegetation uptake as 77 kg 
ha ' y ' for N. However, potential N uptake rates may be much higher as shown by Cole 
(1981). He reported that poplar (Populiis nigra L) assimilated 213 kg N ha ' y ' when 
fertilized with a nutrient-rich effluent at a rate of 400 kg N ha"' y"' for three years, but sites 
not receiving nutrient effluent assimilated only 16 kg N ha"' y"'. Fail et al. (1986) showed 
that riparian forest sites that received runoff from cropland and a pig pen had higher rates of 
growth and plant nutrient concentrations than sites downslope from unused pasture. Storage 
of 51.8 kg ha ' y 'in aboveground riparian forest biomass in Georgia considerably exceeded 
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the subsurface groundwater nitrate input of 29 kg N ha ' y ' (Lowrance et al., 1984). O'Neil 
and Gordon (1994) reported that Carolina f)opiar (Populus x canadensis Moench.) trees were 
effective in lowering subsurface nitrate concentrations as soil solution migrated through the 
rooting zones of trees. All these studies emphasize the importance of woody plant 
immobilization in riparian buffers, but further research is needed to evaluate the effectiveness 
of different riparian buffer plant communities (e.g., grass vs. trees and crops vs. trees or 
grasses) on C and N cycling. 
Plant growth plays an influential role in the effectiveness of removal of nonpoint-
source pollution by riparian buffers by influencing plant N immobilization and detrital supply 
to soils and microbes. Understanding N cycling in agroecosystems can clarify processes 
affecting N use efficiency and losses, and can lead to improved N management (Wood et al., 
1991). Lowrance (1992) suggested that understanding N dynamics in riparian forest buffer 
systems is essential to their proper management. Good understanding of N and C dynamics 
requires careful examination of both above- and belowground biomass dynamics, but few 
studies of above- and belowground biomass, and biomass C and N partitioning have been 
conducted in riparian zones (Tufekcioglu et al., 1999; Fail et al., 1986; Hamzah, 1983; Hill, 
1996). 
The primary objective of this study was to determine live and dead above- and 
belowground biomass, N and C in a multispecies riparian buffer, a cool-season grass buffer 
and adjacent crop fields over a two-year period. Seasonal variation in biomass, C and N 
pools provide insight into C sequestration and N immobilization by the different plant 
communities and information essential for understanding C and N cycling. 
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Materials and methods 
This study was conducted on a private farm along Bear Creek, in Story County, Iowa, 
USA (42° 11 N. 93° 30 W). The study was done on a multi-species riparian buffer and a 
cool-season grass riparian buffer and in adjacent crop fields. Multi-species riparian buffers 
were established along Bear Creek in 1990 on soil that had been cultivated or grazed for 
more than 75 years. The basic design of the multi-species buffer consists of five rows, at 1.2 
X 1.8 m spacing, of hybrid poplar (Populus X euroamericana' Eugene/) planted closest to and 
parallel to the creek. Upslope from the trees are a row of red osier dogwood (Comus sericea 
L.) and a row of ninebark (Physocarpits opulifolius L.). A 7.3 m-wide strip of switchgrass 
{Panicum virgatum L.), a native warm-season grass, is planted upslope from the shrubs at the 
interface with the cropped fields (Schultz et al., 1995). Cool-season grass buffers were 
directly adjacent to the multi-species riparian buffers and were formerly grazed riparian 
meadows, dominated by cool-season grasses, that form the traditional streamside 
management system in this intensively cropped region. The cool-season grass sites were part 
of a grazed riparian pasture prior to 1989 when grazing was stopped. Dominant grass species 
in the cool-season grass sites were smooth brome (Bromus inermis Leysser.), timothy 
(Phleum pratense L.), and Kentucky bluegrass (Poa pratensis L.). These same species also 
were found in the poplar understory. The crop fields were under an annual maize-soybean 
rotation. Maize {Zea mays L.) was usually planted in early May and harvested at the end of 
October. Soybean {Glycine max (L.) Merr.) was usually planted in mid-May and harvested 
in mid-September. 
Six transects, three each bisecting different cool-season and multispecies buffers, 
were established on both sides of a 0.8 km stretch of Bear Creek, perpendicular to the stream 
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and extending into adjacent crop fields. In the multispecies buffer, biomass was measured in 
the poplar and switchgrass and in the adjacent crop fields. In cool-season buffers, biomass 
was measured in the cool-season grass plots and in the adjacent crop field plots. The cool-
season grass sites were divided into a streamside (0 - 15 m from stream) and cropside (15 — 
20 m from stream) plots to control for potential effect of distance from the stream on 
biomass. However, there were no substantial differences between the cropside and 
streamside cool->eason grass sites in this or in associated studies (Tufekcioglu et al., 1999; 
Tufekcioglu et al- 2000), so, we combined them in this paper. Cropside cool-season grass 
plots were burned prior to the start of sampling. We did not use first years' data from these 
plots in order to eliminate the burning effect on above- and belowground biomass dynamics. 
Overall, plot size^s varied from 7 x 10 m to 10 x 15 m. 
Destructive sampling of the trees was used to develop allometric equations based on 
height and diameter at breast height to estimate aboveground biomass of poplar. Ten trees 
were cut and dry weights of stems and branches were determined. Allometric equations were 
developed based on diameter at breast height (dbh) and total height using weight as a 
dependent variable. The equation was: 
Weight (Kg) = 0.0147 (dbh)" (height) - 0.157, R- = 0.93 
where dbh is in cm, height is in m. Branch biomass was calculated using the ratio of branch 
weight to the whole aboveground tree weight. N concentrations of branches and stems of 
poplar were determined from combined samples of discs taken at two meter intervals on the 
main stem. Aboveground live biomass and litter of the herbaceous layer were determined 
monthly by harvesting all aboveground live and dead plant material in five 25 x 25 cm 
quadrates (50 x 93 cm in crop fields) in each plot (n = 3 plots per vegetation type) during the 
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growing seasons of 1996 and 1997. Five litter baskets were placed in each of the f>oplar plots 
to measure litterfall. Litter baskets were emptied monthly. Plant samples were oven-dried at 
65 °C and were ground to pass through 1 mm mesh sieves and analyzed for C and N (Carlo-
Erba C/N analyzer. Carlo Erba Instruments, Milano, Italy). 
Sequential coring was used to determine fine (0-2 mm) and small (2-5 mm) root 
biomass (Harris et al.. 1977; Joslin and Henderson, 1987). Soil cores of 5.4 cm diameter 
were removed approximately monthly from May to November during 1996 from the surface 
0-35 cm of soil (5 cores per plots). During 1997, samples were taken in May, July and 
September from the 0-125 cm depth of soil. These sampling dates were based on the root 
biomass dynamics seen in 1996. Cores that could not be sorted immediately were placed into 
a cold room (4 °C) until they could be. Roots were separated from the soil by soaking in 
water and then gently washing them over a series of sieves with mesh sizes of 2.0 and 0.5 
mm. following the recommendations of Anderson and Ingram (1993). Roots were sorted 
into diameter classes of 0-2 mm (fine root) and 2-5 mm (small root) and were then separated 
into live and dead fractions based on the elasticity of their tissues and the color of the cortex 
(Hayes and Seastedt, 1987; Joslin and Henderson, 1987). Live roots were whitish or pale-
colored, elastic, and free of decay. Dead roots were brown or black, broke easily, and were 
in various stages of decay. Roots from each of these size categories were oven-dried at 65 
°C, weighed, ground to pass through 1 mm mesh size sieves and analyzed for C and N 
(Carlo-Erba C/N analyzer. Carlo Erba Instruments, Milano, Italy). Coarse root biomass data 
were obtained using excavation method, as reported in Tufekcioglu et al. (1999). 
Statistical comparisons were made using the general linear models procedure of S AS 
(SAS Institute 1985). We used ANOVA to compare above- and belowground biomass, C and 
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N among vegetation types and sampling dates using a repeated measures design. Differences 
between specific vegetation types and between sampling dates were determined with a least 
significant difference test at a=0.05. Combined data for cropside and streamside cool-season 
sites were used in the analyses as described above. Only the poplar plots contained trees, so 
tree and coarse root biomass were not included in the statistical comparisons. 
Results 
Aboveground biomass 
Overall, live aboveground biomass differed significantly among vegetation types and 
months (P<0.001) (Fig. I A). Switchgrass had significantly greater live aboveground 
biomass than cool-season grass or soybean. Buffers (established poplar-switchgrass buffer 
and natural cool-season grass buffer) had significantly higher live biomass values than crop 
fields in late spring and early summer. However, live aboveground biomass was similar 
(soybean) or higher (com) in crop fields than in cool-season grass sites in early fall. Peak 
live non-woody biomass was typically observed in fall (Fig. I A). Aboveground standing live 
biomass was greatest in the poplar sites due to the contribution of the trees (Table I). 
We observed cyclical growth in cool-season grass, but continued growth in crops 
until September and for switchgrass until later in the season. Aboveground live C and N 
were the greatest in the poplar sites (Table 1). Switchgrass had significantly greater live 
aboveground C than cool-season grass or soybean (Fig. 2A). However, live aboveground N 
in switchgrass was not significantly different than in cool-season grass, soybean or com (Fig. 
3A). 
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Overall, aboveground litter differed significantly among vegetation types (P<0.001) 
(Fig. IB). Aboveground litter mostly decreased until September, except for a small increase 
in cool-season grass in July of 1996 (Fig. IB). Switchgrass had significantly greater 
aboveground litter biomass than did any other vegetation type (P<0.05). The decrease in 
aboveground litter from May to the end of August (average of 1996 and 1997) in switchgrass 
was 22.1%. In contrast, cool-season grass had a 42.4% decrease in aboveground litter in the 
same period. Peak aboveground litter values were observed in fall (Fig IB). Approximately 
45% of the aboveground litter of crops was grain production and was removed by harvest 
during the fall. The remaining plant residue in the crop fields was incorporated into the soil 
either after harvesting or during winter to early spring. 
Over the study period, dead aboveground C and N varied significantly among 
vegetation types (P<0.001) (Fig. 2B & 3B). Switchgrass had significantly greater dead 
.aboveground biomass C than other vegetation types (P<0.05). Com had the highest dead 
aboveground C close to harvesting time. But after harvest it declined and the plant residue 
was incorporated into soil (Fig. 2B). Lowest aboveground dead C values were generally 
observed in mid summer and highest values in fall. Dead aboveground N was significantly 
greater in buffers than in cropped fields in spring and summer (Fig. 3B). 
Belowground Biomass, C and N 
Belowground biomass was composed of fine (<2 mm), small (2-5 mm) and coarse 
(>5 mm) roots. Coarse root data were published previously by Tufekcioglu et al., (1999); 
therefore we only focused on fine and small roots in this pajjer. 
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Over the course of the study, live fine root biomass differed significantly among 
vegetation types and sampling dates (P<0.005) (Fig. 4A). Buffers had significantly higher 
live fine root biomass than did crop fields. Switchgrass had significantly greater live fine 
root biomass than did cool-season grass, poplar, com and soybean (P<0.05). Live fine root 
biomass in crop fields increased from May to the end of August and decreased through fall 
(Fig. 4A). Switchgrass live fine root biomass increased throughout the growing season (Fig 
4A). Poplar and cool-season grass had the peak live fine root biomass in the early summer 
(Fig. 4A). 
Overall, live fine root C and N varied significantly among vegetation types (P<0.001) 
(Fig. 5A & 6A). Only live fine root N showed significant differences among sampling dates 
(P<0.03). The crop fields had significantly lower live fine root C and N than did any other 
vegetation type. Switchgrass had significantly greater live fine root C and N than did cool-
season grass, poplar, com and soybean (P<0.05) (Fig. 5A «&. 6A). 
Over the course of the study, dead fine root biomass differed significantly among 
vegetation types and sampling dates (P<0.001) with peak biomass occurring generally in 
spring and fall and lows occurring in mid-summer (Fig. 4B). Cool-season grass had 
significantly greater dead fine root biomass than did any other vegetation types (P<0.05). 
Dead fine root biomass was significantly lower in the crop fields than in cool-season grass or 
poplar (except September 1997). 
Dead fine root C and N varied significantly among vegetation types (P<0.(X)l) 
showing similar seasonal pattems to dead fine root biomass (Fig. 58 & 6B). Dead fine root 
N differed significantly among sampling dates (P<0.(X)1), but C did not differ significantly 
among sampling dates (P<0.08). Cool-season grass had significantly greater dead fine root C 
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and N than did any other vegetation types (P<0.05). Dead fine root C in switchgrass was 
significantly greater than in crop fields (except May, 1997), but dead fine root N was not 
significantly higher in switchgrass than in crop fields, especially in 1997. 
Live small root (2-5 mm) biomass. C and N were substantially less than live fine root 
(0-2 mm) biomass (Table 2), C and N. Live small root biomass, C and N differed 
significantly among vegetation types and sampling dates (P<0.C)03). Switchgrass had 
significantly greater live small root biomass, C and N than did any other vegetation type. 
Live small root biomass in poplar was significantly greater than in com and soybean. There 
were no significant differences in dead small root biomass and C and N among vegetation 
types. 
Root biomass decreased with increasing soil depth (Table 2). Root biomass was 
significantly greater in 0-35 cm soil depth than in the 35-125 cm soil depth. Buffers had 
significantly higher root biomass in both soil depths than did crops (Table 2). More than 
73% of the total root biomass (0-125 cm) was in the surface 0-35 cm soil depth across all 
sites. Root biomass in the 35-125 cm depth accounted for 17 to 27% of total belowground 
biomass with switchgrass having the highest values. 
C:N ratios and Biomass Partitioning 
Live aboveground tissues had higher C:N ratios than did aboveground litter. 
However, C:N ratios of dead fine roots were higher than C:N ratios of live fine roots (except 
soybean roots). Crop roots had significantly lower C:N ratios than did roots of poplar, 
switchgrass and cool-season grasses. Switchgrass had the highest C;N ratios in both above 
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and belowground tissues whereas soybean had the lowest except for its aboveground litter, 
which was mostly stem residue. 
Root C and N ratios differed with soil depth. Roots in surface 0-35 cm depth had 
greater C:N ratios than roots in 35-125 cm soil depth had. C:N ratios of fine roots increased 
with increasing soil depth. 
Biomass. carbon and nitrogen allocations into above- and belowground biomass 
components varied with vegetation types (Table 1 and Fig. 7). Poplar had the greatest 
aboveground biomass accumulation, while switchgrass had the greatest belowground 
biomass accumulation. However, as a percentage of total biomass, belowground 
accumulation was the greatest under cool-season grass. Poplar, soybean and com 
accumulated more than 64% of their total C and N in aboveground biomass, while 
switchgrass and cool-season grass incorporated less than 52 and 48% into aboveground 
biomass, respectively. Belowground C and N allocations in poplar, soybean, and com were 
less than 36% of total biomass C and N, whereas they were more than 48% in switchgrass 
and cool-season grass. Total C and N were greatest in poplar, followed by switchgrass, cool-
season grass, com and soybean (Table 1). The greatest belowground C and N were observed 
under switchgrass. Crops had the lowest belowground carbon and nitrogen allocation. 
Biomass partitioning of poplar is presented in a separate table (Table 3) due to its 
woody biomass characteristics. Branch biomass was 11% of total aboveground biomass 
(without leaves). Fine roots had higher biomass accumulation than did small and coarse 
roots. 
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Discussion 
Aboveground Biomass, C and N Mass 
Maximum aboveground biomass estimates for com (19,380 kg ha ') in this study 
correspond well with data reported in the literature; Dou and Fox (1995) reported 
aboveground biomass of com between 18,260 and 20,360 kg ha ' while Liang and 
MacKenzie (1994) reported values between 11,700 and 20,500 kg ha '. Our maximum 
aboveground biomass estimates for soybean (10,050 kg ha"') were greater than those reported 
by Carpenter and Board (1997) (3,590-4,078 kg ha"'). The growing season total (live -t- dead) 
aboveground biomass values for cool-season grass (6,000-9,500 kg ha"') and switchgrass 
(13,100-19,900 kg ha"') were somewhat similar to those reported by Risser et al. (1981) and 
Stout and Jung (1995). Poplar aboveground biomass (37,857 kg ha"') was higher than that 
reported by Zavitkovski (1981) for 5 year-old. 1.2 X 1.2 m spaced poplar plantings in 
Canada. 
Switchgrass and com. both C4 plants, produced more live aboveground biomass and 
C and N mass than cool-season grass and soybean, both C3 plants. Their C:N ratios were 
also higher than soybean and cool-season grass. This indicates higher N use efficiency in 
switchgrass and com compared to cool-season grass and soybean. For comparison, Christie 
(1979) found that total aboveground N absorbed in a C4 grass community was 35% greater 
than in a native C3 grass community. Low C:N ratios in soybean could be due to its nitrogen 
fixing ability. It should be noted that com was fertilized annually but there was no 
fertilization in buffers and soybean. Thus, a fertilization-driven increase in com 
aboveground biomass is also possible. 
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Crops had no or little live biomass in April. May and early June. Therefore, plant 
uptake of nitrogen in crop fields was virtually non-existent. Keeney and Deluca (1993) 
obser\'ed maximum nitrate-N concentrations in the Des Moines River in the same months 
from 1980 to 1991. Little or low plant uptake of nitrogen by crops in April, May and early 
June could contribute to the high nitrate-N concentrations in rivers along with fertilizer 
applications or relatively high rainfall in the same months. In the same time period, cool-
season grass, switchgrass and poplar had more than 4,000 kg.ha"' live fine root biomass 
potentially able to absorb nutrients. 
Live biomass N peaked in early September in soybean and com. This indicates a 
decrease in nitrogen uptake in crop fields after September, as plants matured and started to 
die. This could further contribute to fall leaching of nitrogen from crop fields. 
Aboveground litter, and litter C and N were significantly higher in switchgrass sites. 
Higher aboveground production and lower decomposition rates associated with higher C:N 
ratios might be the main reasons for higher aboveground litter and litter C and N in 
switchgrass sites. There was a 22.7% reduction in aboveground litter from May to the end of 
August in switchgrass sites (average of 1996 and 1997) compared to a 42.4% reduction in the 
cool-season sites. This suggests relatively lower decomposition or higher mortality in 
switchgrass between May and the late August compared to cool-season grass. But the 
continued increase in live aboveground production in switchgrass in the same {jeriod makes 
the latter less likely. Wedin (1995) reported that low-quality litter from the prairie grass 
Schizachyrium scoparium (Michx.) Nash., a C4 species, decomposed slowly and immobilized 
large amounts of N, whereas litter from the C3 grass Agropyron repens (L.) Beauv. 
decomposed faster and showed no net N immobilization. High fluctuations in dead 
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aboveground biomass in crop fields were due to harvesting and the incorporation of plant 
residue into soil. Existence of substantial amounts of dead material on the soil surface in 
switchgrass sites provides relatively good conditions for nutrient and sediment removal from 
surface runoff (Lee et al. 1999). 
Belowground Biomass, Carbon and Nitrogen 
Belowground biomass represents an important component of overall biomass 
depending on site characteristics and vegetation type. In this study, it represented from 19 to 
57% of the total biomass. 
Switchgrass had the greatest amount of belowground biomass, C and N but a 
relatively small dead root biomass. This might be due to the production of long-lived 
rhizomes. Hartnett (1989) reported that switchgrass maintained intact rhizome 
interconnections among stems up to 10 years and that it had short, long-lived rhizomes that 
function as sites of carbon and nitrogen storage. Demer et al. (1997) suggested the 
possibility of accumulation of resources primarily in rhizomes by switchgrass, rather than 
soils, to maintain dominance in the tallgrass community. Furthermore, the C4-type 
photosynthesizing ability of switchgrass may give it some advantages in producing more 
roots using relatively less nitrogen compared to cool-season grass. However, com is also a 
C4 species and it did not produce as much root biomass as switchgrass did. Com is an annual 
plant and switchgrass is a perennial plant. Annual plants tend to favor putting more of their 
growth energy into seed production to continue their life cycle (Eissenstat and Yanai, 1997), 
and this would certainly apply to plants bred for their grain production. In addition, Gregory 
et al. (1997) observed that the mass of the root system rarely increases after flowering in 
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cereals. Other than annual versus perennial differences. N fertilization in crop fields may 
also have lowered belowground production, since an increase in the availability of water and 
nutrients in the soil tends to favor aboveground production in plants (Gregory et al., 1997). 
Vinton and Burke (1995) found significantly lower belowground biomass in watered and 
fertilized plots of shortgrass steppe than in control plots in Colorado, USA. Finally, plant-
specific factors may also play a role in the partitioning of biomass into above- and 
belowground tissues. Vinton and Burke (1995) observed changes in belowground biomass 
with species type in shortgrass steppes of Colorado. USA. 
Belowground biomass values found in this study for switchgrass were higher than 
those reported by Bransby et al. (1998) and Garten and Wullschleger (1999), but lower than 
those reported by Ma et al. (2000). 
Cool-season grass had the greatest dead belowground biomass, C, and N and the 
greatest percentage of belowground biomass accumulation. Several reasons could account 
for the relatively higher dead root biomass in cool-season grass sites. First, having relatively 
lower water use efficiencies compared to switchgrass due to C3 type photosynthesis can 
make cool-season grass more dependent on available water than switchgrass. Even in the C4-
dominated prairie, water availability has a major effects on above- and belowground 
production dynamics. Hayes and Seastedt (1987) found that extremely high root turnover 
rates in the 0-10 cm soil depth reflected by a cycle of pulses of root growth after a rain 
followed by rapid dieback as the soil dried out, even in a tallgrass prairie dominated mainly 
by C4 grasses. Stout and Jung (1995) reported that limited soil water availability decreased 
grass production by 30 to 50%, depending on species and N fertilization rate. 
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Second, the existence of substantial amounts of litter on the soil surface in 
switchgrass sites delays drying of the soil during dry periods and cooling of the soil in cold 
periods. This helps the survival of surface roots during the dry and cold periods. Cool-
season grass roots were more concentrated in the surface soil than switchgrass roots. Cool-
season grass had 83% of its total root biomass in the surface 0-35 cm depth while switchgrass 
had 73% in the same depth. 
Buffers had higher growing season average dead fine root biomass than crop fields. 
In the studies conducted in the same area. Marquez et al. (1999) reported higher soil organic 
C under cool-season grass than under switchgrass. Pickle et al. (2000) found higher rates of 
microbial biomass under cool-season grass than under switchgrass, and Tufekcioglu et al. (in 
press) observed greater rates of soil respiration in cool-season grass than in switchgrass. 
These relatively higher soil organic C content and biological activity in cool-season grass 
might be driven by relatively higher dead root biomass input with lower C:N ratios. 
Switchgrass had the lowest root and shoot N concentrations but the greatest root 
biomass. Tilman and Wedin (1991) observed that the species with the greatest root biomass 
and the lowest root and shoot N concentrations reduced soil ammonium and nitrate to a lower 
level than the other species in monocultures where five species were grown for 3 year on an 
experimental nitrogen gradient. Thus, switchgrass may reduce soil solution and groundwater 
nitrate levels more than cool-season grass. 
Root biomass decreased with increasing soil depth. More than 73% of root biomass 
was in the surface 0-35 cm depth. Dahlman and Kucera (1965) and Buyanovsky et al. (1987) 
found that approximately 90% and 81 to 87%, respectively, of roots were in the surface 0-25 
cm depth of soil in a prairie ecosystem, in Missouri, USA. Switchgrass had the highest root 
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biomass in both 0-35 and 35-125 cm soil depths. Switchgrass had a very deep root system, 
with roots apparent to 330 cm below the soil surface, implying that it can be useful in 
preventing losses of nutrients associated with non-point source pollution (Ma et al., 2000). 
Conclusions 
Average growing season aboveground biomass values in switchgrass and poplar were 
greater than in crop fields. Grain accounted for approximately 45% of aboveground biomass 
in com and soybean; when its removal is considered, buffers had significantly higher 
aboveground biomass, C, and N than crop fields had. The poplar, switchgrass and cool-
season grass had higher live and dead root biomass than did either com or soybean, 
suggesting that belowground organic matter inputs to the soil were greater in the planted 
riparian zones than in the crop fields. This translates into more available carbon for 
microorganisms for microbial immobilization and denitrification that are two important 
mechanisms in nitrate removal in riparian areas (Hill, 1996). The riparian vegetation types 
we studied were composed of perennial plants. Their roots colonized the soil for the entire 
year, whereas live roots were present in the annual crop fields for <5 months. Similarly, 
considerable live aboveground biomass N accumulation in crop fields occured from the end 
of June to the end of September (in soybean) or end of October (in com), but very little in 
April, May and June. However, high levels of nitrate in streams were reported in April, May 
and June (Keeney and Deluca, 1993) indicating the potential for relatively high leaching 
from soils to the streams in these months. The presence of abundant live fine roots and 
aboveground tissue growth in the spring and early summer in buffers may be particularly 
important in decreasing nitrate losses from the soil at that time of year. 
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Plant uptake of nitrate by roots is a major nitrate retention mechanism (e.g., Groffman 
et al., 1992). O'Neill and Gordon (1994) showed that Carolina poplar trees were effective in 
lowering subsurface nitrate concentrations as soil solution migrated through the rooting 
zones of trees. In this study, higher live and dead root biomass and greater root biomass in 
deeper zones (35-125 cm depth) in poplar, switchgrass. and cool-season grass, compared to 
com and soybean, suggest that some of the excess nitrate coming from adjacent crop fields 
through ground water flow might be taken up by the roots of the buffer strip vegetation more 
effectively than In com or soybean. 
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Table I: Growing season average biomass, C and N in buffers and adjacent crop fields (kg 
ha '). Each number is average of five sampling in 1996 and three sampling in 1997 
with each sampling having five sample per plot and three plot per vegetation type. 
Poplar Switchgrass Cool-Season Soybean Com 
Grass 
Biomass kg ha ' 
Aboveground Biomass 47916 15951 6849 5145 8697 
Belowground Biomass 14259 16822 10874 2408 3413 
Total 62175 32773 17723 7553 12110 
Nitrogen Mass 
Aboveground Biomass 245 112 106 74 86 
Belowground Biomass 116 118 101 29 31 
Total 361 230 207 103 117 
Carbon Mass 
Aboveground Biomass 19486 5381 2542 1770 2887 
Belowground Biomass 4205 5041 2795 1015 919 
Total 23691 10422 5337 2785 3806 
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Table 2: Growing season average belowground biomass distribution with soil depth in 
buffers and adjacent crop fields (kg ha ') along Bear Creek in Central Iowa, USA. 
Poplar Switchgrass Cool-season Soybean Com 
0-35 cm depth grass 
Live Fine Root (0-2 mm) 5952 8918 6195 708 916 
Dead Fine Root (0-2 mm) 1586 1248 2255 653 640 
Live Small Root (2-5mm) 539 1861 393 207 112 
Dead Small Root (2-5mm) 78 195 173 70 64 
Coarse Root (>5mm) 3119 0 0 305 1124 
Total 11273 12222 9016 1943 2856 
35-125 cm depth 
Live Fine Root (0-2 mm) 1579 4402 1669 280 292 
Dead Fine Root (0-2 mm) 270 172 188 185 260 
Live Small Root (2-5mm) 285 26 0 0 4 
Dead Small Root (2-5mm) 39 0 I 0 1 
Coarse Root (>5mm) 813 0 0 0 0 
Total 2986 4600 1858 465 557 
0-125 cm depth 
Overall Total 14259 16822 10874 2408 3413 
% in 0-35 cm 79 73 83 81 84 
% in 35-125 cm 21 27 17 19 16 
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Table 3: Average biomass, C and N distribution (kg ha ') in eight-year old poplar sites. 
Belowground values were averaged over growing season. Aboveground tree biomass 
was based on November measurements. 
Biomass N C 
Aboveground biomass kg ha ' 
Stem 33693 101 15139 
Branch 4164 34 1855 
Leaves 1499 
Live understory 2321 40 879 
Dead understory 6239 78 1867 
Total 47916 253 19739 
Belowground (based on 0-125 cm depth) 
Live fine root 
7531 
75 2269 
Dead fine root 
1856 
24 535 
Live small root 
824 
9 305 
Dead small root 
117 
16 45 
Coarse root 
3932 
17 1414 
Total 14259 141 4567 
Aboveground + below­
ground biomass 62175 394 24306 
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Fig. 2. Aboveground live plant C (A) and litter C (B) in buffers and adjacent crop fields 
along Bear Creek in central Iowa, USA. 
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Fig. 3. Aboveground live plant N (A) and litter N (B) in buffers and adjacent crop fields 
along Bear Creek in central Iowa, USA. 
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Fig. 4. Live (A) and dead (B) fine root (0-2 mm) biomass in buffers and adjacent crop fields 
at 0-35 cm soil depth along Bear Creek in central Iowa, USA. 
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Fig. 5. Live (A) and dead (B) fine root (0-2 mm) C in buffers and adjacent crop fields at 0-35 
cm soil depth along Bear Creek in central Iowa, USA. 
99 
120 Poplar 
Switchgrass 
Soybean 
Cool-season grass 
Com 
A M J  J  A A S O N D J  F M A M J  J A A S O  
1996 Time (Month) 
50 
^ 40 
O) 
2 30 
o 
o 
CE 
(D 20 
c 
1 10 Q 
B 
• Poplar 
• Switchgrass 
•Soybean 
-Cool-season grass 
•Corn 
A M J  J A A S O N D J F M A M J  J A A S O  
1996 Time (Month) 1997 
Fig. 6. Live(A) and dead (B) fine root (0-2 mm) N in buffers and adjacent crop fields at 0-35 
cm soil depth along Bear Creek in central Iowa, USA. 
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Fig. 7. N partitioning in buffers and adjacent crop fields averaged over growing season along 
Bear Creek in central Iowa, USA. Estimates of live aboveground poplar N were 
based on November measurement of trees. 
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GENERAL CONCLUSIONS 
Biomass and soil respiration studies in riparian buffers are very important to 
understanding the carbon and nitrogen dynamics of these unique ecosystems. With this 
study, it was clearly demonstrated that riparian buffers have higher biomass and better soil 
biological activity than do adjacent crop fields in the Bear Creek Watershed of Story County, 
Iowa. 
Established multispecies riparian buffers had higher growing season average 
abovegrcund live biomass than cropped fields. Live aboveground biomass existed in buffers 
between mid-April and November, while crops had live aboveground biomass between June 
and late September. With the longer growing season, buffers are more likely to absorb 
nutrients than crop fields are. 
Aboveground litter was greatest in switchgrass sites. In a decomposition study, 
Seastedt (1988) reported that dead foliage and stems of a tallgrass prairie acted as a nitrogen 
sink for 2 years. Existence of substantial amounts of dead material on the soil surface in 
swiichgrass sites provides perfect conditions for nutrient and sediment removal from surface 
runoff (Lee et al. 1999). 
Riparian buffers had greater live and dead fine root biomass than crop fields did. 
This indicates that belowground organic matter inputs to the soil were greater in the planted 
riparian zones than in the crop fields. With relatively higher organic matter inputs, buffers 
may have better nutrient availability and soil moisture for soil microorganisms. 
Microorganisms need organic matter as a carbon source for denitrification, one of the most 
important mechanisms of nitrate removal in the riparian zones (Hill, 1996), and microbial 
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immobilization. In addition, higher root densities in switchgrass and cool season grasses 
than in the crop fields, and deeper rooting depth in the poplar, provide evidence that the 
buffers were more effective than com or soybean in colonizing the entire soil profile. With 
its greater root biomass and rooting depth, switchgrass may provide better opportunities for 
immobilization of excess nutrients coming from adjacent crop fields through ground water 
flow than other vegetation types. Huang et al. (1996) reported that the amount of NO3-N 
removed by switchgrass from the soil profile below 120 cm was 20 kg ha"' per year, 
compared with 1. 8,and 9 kg ha ' for com, alfalfa, and ineffective alfalfa, respectively. They 
found that the N removed from deep soil was about 22% of the total N requirement for 
switchgrass growth. 
Buffers were composed of perennial plants, their roots colonized the soil for the entire 
year, whereas live roots were present in the annual crop fields for < 5 months. The presence 
of abundant live fine roots in the spring and early summer may be particularly important in 
decreasing nitrate losses from the soil at that time of year. 
Plant uptake is one of the important nitrate retention mechanisms in buffers (e.g.. 
Haycock and Pinay, 1993). In this study, higher live and dead root biomass, higher root 
densities, and greater rooting depths in poplar, switchgrass and cool season grasses than in 
com or soybean suggest that some of the excess nitrate coming from adjacent crop fields 
through ground water flow might be taken up by the roots of the buffer vegetation more 
effectively than in com or soybean. 
Soil respiration rates in riparian buffers were significantly higher than in adjacent 
crop fields. Greater soil respiration rates in the buffers suggest higher rates of soil carbon 
tumover in the buffers than in the crop fields. Strong correlation between soil respiration and 
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soil organic matter content and fine root biomass provides evidence for this argument. Soil 
organic carbon content and fine root biomass explained 83% of the variation in annual soil 
respiration. This indicates a strong influence of both soil organic matter and root biomass on 
soil biological activity. 
Soil respiration is a good indictorof soil biological activity (Parkin et al. 1996). 
Higher soil respiration rates in the buffers suggest relatively higher soil biological activity 
and soil quality in buffers compared to the crop fields. This higher soil biological activity 
may stimulate or enhance the absorption and consumption of non-point source pollutants 
coming from adjacent crop fields through ground flow or surface runoff, by mechanisms 
such as biological immobilization and denitrification. 
Suggestions for Future Research 
While current studies have documented the potential of buffers to reduce non-point 
source pollution, further research is needed to understand the mechanisms by which nutrient 
retention occurs and the factors affecting these mechanisms. Some suggestions for future 
work include; 
1. To develop better management strategies for riparian buffers, the interactive 
effects of soils, climate, plant species, and N and C dynamics must be better 
understood. 
2. Plant uptake of nitrate from groundwater by trees, cool-season grasses and 
switchgrass needs to be quantified 
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3. Biomass dynamics of different riparian buffers need to be monitored for the long 
term to test the effectiveness of different buffers. Retention of non-point source 
pollutants might decrease with age in buffers that have high detritus turnover. 
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